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ABSTRACT 

This memorandum addresses the proposed contaminant transport modeling 

effort for the Remedial Investigation/Feasibility Study for the Test Area 

North (TAN) Groundwater Operable Unit at the Idaho National Engineering 

Laboratory. This memorandum reviews in detail the geologic, hydrologic, and 

computational factors influencing the model selection process, thus 

summarizing the current understanding of the TAN groundwater flow system. 

Following that summary, a detailed description of the code selection criteria 

and results of the application of these criteria to various flow and transport 

codes are presented. On the basis of the code selection process, 

recommendations and associated considerations are given. As a result of this 

process, we (a) recommend taking a two-dimensional area1 vertically 

integrated, transient, heterogeneous, free-surface approach, (b) suggest that 

there are no codes in their current form available for this type of flow and 

transport modeling; (c) conclude that any code selected will require some 

degree of modification, and (d) conclude that modifying codes that were 

developed at EG&G Idaho (i.e. FLASH/FLAME) for this modeling effort would be 

much more efficient than to modify other available codes. 
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H-l. INTRODUCTION 

The purpose of this technical memorandum is to select a numerical code for 

use in predicting the fate of contaminants in the groundwater at the Test Area 

North (TAN) site. First, we review the factors influencing numerical modeling 

of flow and transport of contaminants at TAN. On the basis of these factors, 

flow and transport codes are screened in order to select the one that will 

best simulate (or predict) the fate and transport of groundwater contaminants 

at TAN. Following the code selection results, this memorandum presents an 

implementation schedule based upon the code selection process. 

The structure of this report is hierarchial. First, the current under- 

standing of the TAN flow system is reviewed by examining (a) the geographical 

location with respect to natural recharge areas, (b) the historical pumping 

and recharge information, (c) the geological descriptions of the basalts and 

sedimentary interbeds with respect to the wells penetrating the aquifer 

system, and (d) the hydrologic properties and history of the water levels at 

TAN. The TAN Remedial Investigation/Feasibility Study (RI/FS) Work Plan 

(EG&G Idaho, 1992) presents the bulk of this background information in a more 

general context. Here, much of the geographic, geologic, and hydrologic 

information is represented as it pertains directly to predicting the fate of 

the organics and radionuclides existing in the TAN groundwater. 

After presenting this necessary background information, the features of 

this complex flow system are tied into the flow and transport modeling process 
by examining a previous modeling effort (see Section H-6). The previous 

modeling effort serves to illustrate many of the physical features that must 

be incorporated into a realistically predictive model of flow and transport in 

the TAN groundwater system. 

In Section H-7, the physical and numerical modeling requirements are 

presented. A numerical statement of the mathematical problem is given in 

Section H-8. 

A large selection of public and private domain flow and transport codes 

are reviewed. The codes are presented in terms of our modeling objectives. 
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Each code is compared against the numerical modeling requirements presented in 

Section H-7. Codes meeting the qualifications are reviewed further, while 

those not meeting the basic requirements are dropped from further 

consideration. 

On the basis of the entire code screening process, scheduling 

considerations, and modeling objectives, Section H-10 lists modeling 

recommendations for this operable unit. 
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H-2. GEOGRAPHY 

The land surface at TAN is relatively flat with predominant relief 

consisting of volcanic vents (buttes) and unevenly surfaced and fissured 

basalt lava flows. TAN lies in a topographic depression between the base of 

the Lemhi range to the northwest, the Beaverhead Mountains to the northeast, 

and the Snake River drainage to the southeast. The elevation ranges from 

a low in this area of 4,774 ft on the Birch Creek playa floor to a high of 

5,064 ft on top of Circular Butte. 

The TAN site is down-gradient of the terminus of Birch Creek (Figure H-l), 

and up-gradient of the terminus of the Little Lost and Big Lost rivers. These 

rivers drain mountain watersheds existing to the north and northwest of the 

Idaho National Engineering Laboratory (INEL). In general, most of the flow 

from the Little Lost River and Birch Creek are diverted for irrigation 

purposes before reaching the INEL. However, historically, in high flow years 

and more often in recent years, Birch Creek actually flows into the Birch 

Creek Playa (Figure H-2) and then infiltrates. During years of high flow, the 

Little Lost River also flows onsite. In addition to being near these 

potential recharge areas, local rainfall and snowmelt during spring months 

contributes to the recharge in the vicinity of TAN. This recharge causes the 

water-table elevation to vary as discussed below. 
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Figure H-l. Relative location of TAN with respect to Birch Creek, the Little 
Lost River, and the Big Lost River. 
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H-3. SUSPECTED MAJOR SOURCE OF CONTAMINANTS AT TAN 

Major facilities at TAN include the Technical Support Facility (TSF), the 

Containment Test Facility (CTF), the Water Reactor Research Test Facility 

(WRRTF), and the Initial Engine Test (IET) Facility (see Figure H-l). TCE and 

PCE were found in the water supply wells (TAN-l and TAN-2) for the TSF. On 

the basis of past disposal practices, historical records, personnel inter- 

views, waste stream generation records, and contaminant monitoring/sampling, 

three disposal wells at TAN have been shown to be possible sources of TCE 

and/or PCE in the groundwater. These wells are shown in Figure H-Z and 

include the TSF, IET, and WRRTF injection wells. The primary source of 

contaminants is suspected to be the TSF injection well, based upon disposal 

history and measured contaminant levels. The IET and WRRTF injection wells 

are not reviewed here but are discussed in Sections 2.3.4, 2.3.5, and 2.4.2.3 

of the Work Plan. 

The TSF injection well was drilled to a depth of 305 ft to dispose of 

liquid effluent generated at TSF. The well has a 12-in. diameter casing to 

305 ft and is perforated in two intervals, 180-244 ft and 269-305 ft below 

land surface (bls), respectively. The depth to groundwater is roughly 206 ft 

below land surface. Prior to 1972, the well was used as the primary disposal 

site at the TSF. Until the early 198Os, the well was also used for overflow 

from the sump at TAN-655. Discharges to the injection well included treated 

sanitary sewage, process waste waters, and low-level radioactive waste streams 

(see Section 2.3 of the Work Plan). The hazardous wastes include heavy 

metals, low-level radioactive nuclides, and unknown but potentially large 

quantities of organics. 
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H-4. GEDLDGY/LITHDLDGY OF THE AREA AT TAN 

The TAN subsurface geology is characterized by basalt flows with 

sedimentary interbeds. Two of these interbeds have been correlated between 

wells beneath the water table and are illustrated in Figure H-3. These two 

clay/silt interbeds slope downward from the northwest to the southeast. The 

first of these beds (P-Q) intercepts the TSF injection well at a depth of 

approximately 225 ft bls. On the basis of monitoring in well pairs down- 

gradient of the TSF injection well (TAN-INJ), we suspect that either this 

shallow interbed is discontinuous and nonconfining, or that wastes were 

injected from both of the perforated intervals (above and below this interbed) 

in the injection well. It is unknown if the lower interbed (Q-R) is laterally 

continuous or confining. 

If it is assumed that the Q-R interbed is laterally continuous, and acts 

as a confining layer, the thickness of the zone containing the injected 

contaminants varies. As shown in Figure H-3, the distance from the water 

table to the Q-R interbed varies from 100 ft in the northwest to 300 ft at the 

southeast corner of the TAN site. If the Q-R interbed is non-confining, the 

saturated thickness is much larger, ranging from 400-900 ft, with the upper 

250 ft being the most permeable according to the United States Geological 

Survey (USGS) and a study by Robertson (1974). 
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H-5. HYDROLOGY OF THE AREA AT TAN 

Figure H-3 suggests that the basalts above and below the P-Q interbed are 

homogeneous and anisotropic. Field tests of the hydraulic properties and 

other geologic descriptions from wells in these basalts indicate otherwise. 

In general, the basalts beneath TAN are highly fractured both horizontally and 

vertically (Nate et al., 1956). The net effect of this heterogeneity creates 

a macroporosity system in which it is hypothesized that the large blocks of 

basalt (on the order of feet in diameter) act like the small grains of sand in 

a sedimentary system. Flow through the aquifer would follow a locally sinuous 

path around, through and between the large particles, in the general direction 

of the regional hydraulic gradient. 

Pumping test results differ significantly from local slug test results. 

This variation is expectedly due to differences in area tested by each method 

(ft vs hundreds of ft). In addition, the slug test measures primarily 

horizontal permeability, while the pumping test incorporates some measure of 

vertical properties in cases where the completion intervals in the pumping and 

observation wells differ. 

In addition to the permeability, porosity, and storativity data that have 

been collected at the TAN site (see Table H-l), water levels have been 

measured. These measurements indicate the position or elevation of the water 

table as a function of time. Figure H-4 shows water levels versus time 

(hydrographs) for several wells on the perimeter of the TAN area. Note that 

ANP7, USGS-7, OWSLEY-2, and Park & Bell (P&8) are located in the northwest, 

southwest, southeast, and northeast regions around TAN, respectively, while 

the USGS-24 well is located centrally with respect to site facilities. 

The hydrographs indicate two levels of head fluctuations. The first level 

occurs on the order of tens of years, while the second is on an annual cycle 

(see Table H-2). 
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Table H-l. Storativity, transmissivity and perforated thickness at several 
TAN wells. 

Perforated Method' 
Transmissivitya Thickness DataC 

Well Name Storativity (ft'/day) 
(P=Pump) 

(ft) (S=Slug) Source 

ANP-5 
ANP-6 
ANP-9 
FET-1 
FET-2 
FET-disp 
IET-DISP 
!.?TF 
P&W-l 
P&W-Z 
P&W-3 
PSTF 
TAN-l 
TAN-2 
TAN-3 
TAN-4 
TAN-5 
TAN-6 
TAN-7 
TAN-8 
TAN-9 
TAN- 10 
TAN- IOA 
TAN-11 
TAN-12 
TAN-13A 
TAN-14 
TAN-15 
TAN-16 
TSF-INJ 
USGS-24 

1.5 x 10” 
5.0 x lo5 
6.6 x IO3 
3.1 x lo4 
1.1 x lo4 
1.5 x IO4 
1.6 x 10’ 
315 x 103 
2.5 x lo5 
1.4 x 105 
1.4 x lo4 
c n . . rn3 a.3 A 1” 

0.01 2.9 x lo4 
0.01 1.6 x lo4 

7.4 x 103 
7.5 x 10” 
1.2x104 
4.0 x 102 
1.4 x 103 
2.6 x 10’ 
7.0 x lo2 
2.0 x lo4 
1.2 x 103 
5.0 x 102 
9.5 x 10’ 
5.0 x 102 
6.3 x 100 
1.7 x 103 
2.9 x IO3 
3.0 x IO’ 

0.003 1.4 x 10’ 

78.0 
75.0 

100.0 
100.0 
239.0 
120.0 
100.0 
119,o 

50.0 
68.0 
79.0 

119 0 
155:o 
100.0 

40.7 
25.0 
34.5 
28.5 
28.3 
25.5 
25.0 
40.0 
38.2 
31.0 
25.6 
35.5 
27.5 
27.1 
23.8 

100.0 
70.0 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
S 
s 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
s 
S 
S 
P 
P 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
RIFS 
---^ 
Kltb 

RIFS 
RIFS 
RIFS 
RIFS 
RIFS 
RIFS 
RIFS 
RIFS 
RIFS 
RIFS 
R!FS 
RIFS 
RIFS 
A 
A 

a. Ackerman (1991) data were chosen over existing Wood (1989) data based on 
*I.- ..^^ ^f . . ..-*A-..., ..^..^+...+i.." .I- C.h,.. ..,...,.+...,+:.." w-.,, 3rr,,mn*:nnr ,,rd l.,,r UJ.2 "I parL.l.liltJ pcllsLIO.LIIIy "2 lUl,J ~cav=:"P""y "CzilI claauwp I"II.7 "4C" 
in the analysis. 
b. Slug tests were an average of Hvorslev (1951), Bouwer & Rice (1976), and 
Vanderkamp (1976) methods. 
c. A=AcL,erman /laal~ \----, > y=WoQd /lam\ \----, > RIFS=TAN RI/FS Work Plan (EG&G !daho 
1992). 
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Figure H-4. Water levels versus time for ANP7, USGS-7, OWSLEY-2, Park & Bell, 
and USGS-24 wells. 
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Figure H-4. (continued). 
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Table H-2. Summary of dominant hydrograph features for TAN wells. 

1.L.1, U,m* f-r\ltllWJll+ P "S I I I.P,,,S ~"IIIIIIFllL.~ 

Large time periodicity due to drought seasons 

Large time periadicity due tn drought seasons with small 
scale annual periodicity 

OWSLEY-2 Large time periodicity due to drought seasons with small 
scale annual periodicity 

P&B Predominant small scale or annual periodicity 

USGS-24 Large time periodicity due to drought seasons 

The area of TAU -..-a:..-.....+ +.. +b..r. ..nrl..,..“n _I..P.F.r ,.c o:r.-lr Pro.-.lr ?.“A l L.- l”,, rr”JrrCSl#b C” CllG rs*,,o,yr aI =saa “I “II t,I, “I CGR mEa” *In= 

Little Lost River experience large, long-term trends as opposed to the 

northeast areas (P&B) which experience annual cycles driven by local recharge 
. ..A ..,,lr..:rr o.,," pu,,,)J I ,,y . 

Additional water-level measurements were taken in wells closer to TAN 

during the period from Ji?!?!!?ry !I)80 to November 1001. These transient heads 

are presented for the 1990-1991 period in contoured form in Figure H-S. 

Minimm m2vimm rauaranr2 1,111 ""VW, ,,..,n ,,..",.', ". *. "=.. , and standard deviations of the head 

measurements in the various wells are given in Table H-3. The first column 

gives the well name, while the second contains the number of head measurements 

taken between the beginning and end;!?: dates. The absolute minimum head 

observed is shown in the fifth column and occurred at the date given in the 

sixth column. Similarly, maximum head information exists in the seventh and 
einhth nncitinnc -.,.. 1.. r _-.-.-..-. It is interesting to note that Over ;I I&.y!w perid, the 

standard deviation in head is on the order of 3 ft while changes of up to 20 

ft were observed. These lo-year variations of heads on the order of 10 ft are 
rinnifirnnt i~ linht nf the gaj] ffl~fIn7 ft/ftl raainnnl aradient observed -,=.,,. ,_".." . .~..- -. \ - . - - - _, -, _~ .-..-. 2. --.-..- 

throughout the year. The data indicate that the overall water levels at TAN 

change significantly between dry and wet years. In addition, contoured head 
distributions indlca_te a_ strono denendence in the head near the TSF on local 

pumping rates in water supply wells TAN-l and TAN-2. 
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Figure H-5. Head measurements 
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Nalvember through Oecember 1990, and September 1991. 



Figure H-5. (continued). 



Table H-3. Variation in observed hydraulic head for TAN wells. 

Minimum Maximum Average 
wet1 x Of Begin End Head Date@ Head Date@ Head S.D. mange 
name meas. Date Date (ft) Min H cft) Max H (ftl of H in H 

ANP-5 
ANP-6 
ANP-7 
ANP-9 
ANP-10 
FET-DISP 
GIN-! 
GIN-2 
GIN-3 
GIN-4 
GIN-5 
IET-DIS: 
ND NAME 
OUSLEY-2 
P&8 
P&W-11 
P&W-Z 
P&W-3 
PSTF 
TAN-1 
iAM- 

TAN-3 
TAN-4 
TAN-5 
TAN-6 
TAN-7 
TAN-G 
TAN-9 
TAN-ID 
-.., .*. I#m-IYn 
TAN-11 
TAN-12 
TAN-13 
TAN-13A 
TAN-14 
TAN-15 
TAN-16 
TAN-W 
11.., *,,*c Inn-b"‘.3 
TAN-CHZD 
TAN-D1 
TAN-D2 
TAN-D3 
USGS-7 
USGS-24 
USGS-25 
USGS-26 

26 Mar-8D 
20 May-86 
25 Ha?60 
25 Feb.87 
23 Mar-ED 
20 Jul-84 
I7 Jul-64 

23 Mar-60 
18 Jul-84 
14 Jul-84 
17 Jul-84 
28 Jul.80 
26 H.W-8D 
82 Mar-ED 
155 Jun-7D 
25 Mar-80 
40 Mar-80 
27 Mar-80 
28 Mar-80 
16 No"-87 
i NOV4i 
15 Jan-9D 
15 Jan-90 
15 Jan-90 
7 Sep-90 
7 Sep-90 
15 Jan-90 
15 Jan-90 
15 Jan-90 
i2 $qpr-g0 

15 Jan-90 
7 Sep-90 
1 act-90 
5 Now90 
6 Oct.90 
6 Sep-90 
7 Sep-9D 
15 Jan-9D 
4 Dei-so 
5 Nov-90 
15 Jan-9D 
15 Jan-90 
15 Jan-SD 
93 Jan-8D 
46 Mar-ED 
130 Jan-80 
99 Jan-80 

Now91 
Ott-91 
NO"41 
Nov-91 
Nov-91 
Now91 
NW-9! 
sep-90 
Now91 
oec-90 
No"-91 
Now91 
Nov-91 
Nov-91 
Mar-91 
Nav-91 
Nov-91 
Nav-91 
No"-91 
No"-91 
NOV.6i 
Nov-91 
Nov-91 
No"-91 
Nov-91 
Now91 
Nov-91 
Nov.91 
Nov-91 
.,... n* """->I 
No"-91 
Now91 
Ott-90 
Nov-91 
Now91 
Nov-91 
Nov-91 
Now91 
>;or-g; 
No"-91 
Nov-91 
Nov-91 
Nov-91 
Nov-91 
Now91 
Now91 
Now91 

4579.27 
4580.30 
4580.87 
4565.70 
4568.68 
4579.10 
4577,!D 
4577.16 
4577.50 
4579.35 
4377.90 
4576.96 
4576.90 
4560.37 
4768.61 
4579.65 
4579.19 
4579.40 
4565.22 
4578.80 
45ii.ii 
4579.40 
4579.20 
4580.09 
4579.20 
4579.20 
4578.50 
4579.60 
4579.70 
,rnn n* *JOY."" 
4579.70 
4574.90 
4580.54 
4578.80 
4570.60 
4578.70 
4578.80 
4579.80 
"CO, 0" .,.,"I .ZY 
4576.90 
4579.40 
4579.70 
4580.20 
4373.10 
4578.54 
4578.09 
4578.71 

Jul-82 
Oct.91 
Jul-82 
Nov.91 
Jul-82 
Now91 
NW-91 
Jul-82 
Nav-91 
Jun-83 
Nov-91 
Jui-82 
Jul-82 
&p-82 
Sep-71 
Jill-82 
Jan-83 
Jul-82 
Hay-88 
Nov-91 
Nov-6i 
Now91 
Nov-91 
Sep-91 
Nov.91 
Nov-91 
Now91 
Nov-91 
Nov-91 
No*-gl 

Nov-91 
Nov-91 
Ott-90 
Now91 
Now91 
Now91 
Now91 
Nov-91 
"^.. n. In""-21 
Nov-91 
Nov-91 
Now91 
Nov-91 
Sep-82 
Jul-82 
sep-82 
Aug-82 

4588.08 
4587.84 
4589.36 
4573.20 
4574.30 
4586.83 
4582 57 
4585.56 
4583.89 
4582.99 
4583.47 
4587.50 
4585.41 
4568.75 
4790.04 
4588.47 
4588.03 
4588.35 
4585.78 
4565.20 
4572.72 
4585.13 
4585.19 
4585.12 
4581.97 
4581.96 
4583.36 
4585.67 
4585.54 
,coc 0, *_)o_) 0" 
4585.58 
4377.86 
4580.34 
4580.83 
4580.82 
4581.71 
4581.77 
4585.56 
"C". "9 .*_1I.=c 
4579.68 
4585.35 
4585.59 
4585.60 
4584.60 
4587.43 
4588.52 
4589.03 

Feb-87 
Mar-87 
Jan-86 
Jun-85 
nay-89 
Jan-87 
Way-R* 
Jun-87 
May-86 
Aug-89 
thy-89 
Jan-87 
Feb-87 
Jan-87 
May-85 
Feb-87 
Sep-86 
oec-84 
Oec-86 
Aug-86 
NW-97 
May-89 
May-89 
May-89 
Sep-90 
Sep-9D 
Jul-89 
Hey-89 
May-89 
May-69 

Hay-89 
Sep-90 
Dct-90 
Sep-9D 
Jul-90 
Sep-90 
sep-90 
Hay-89 
SepAL? 
Sep-9D 
Hay-89 
thy-89 
Hay-89 
Aug-63 
Jul-83 
Hay-85 
Apr-86 

4583.03 
4584.17 
4584.75 
4569.94 
4571.54 
4582.68 
4560,29 

4581.08 
4380.86 
4581.24 
4581.07 
4582.66 
4580.42 
4564.13 
4768.61 
4583.24 
4583.91 
4583.50 
4579.70 
4582.08 
45ii.ii 
4582.59 
4582.57 
4582.65 
4580.76 
4580.70 
4581.43 
4583.03 
4582.92 
Arc." 0" ..dVC."., 
4582.92 
4576.60 
4580.54 
4579.64 
4579.81 
4580.29 
4580.48 
4582.73 
"CO" "l ..>"-7."., 
4577.99 
4582.70 
4582.94 
4582.95 
4578.73 
4583.45 
4582.95 
4582.74 

2.25 
1.91 
2.66 
2.00 
1.72 
2.04 
!,62 
2.36 
1.76 
1.21 
1.66 
2.42 
2.45 
2.38 
3.31 
2.34 
2.58 
2.54 
4.40 
2.00 
0.00 
1.74 
1.73 
1.49 
0.98 
0.96 
1.46 
1.70 
1.82 
:.:: 
1.73 
1.06 
0.00 
0.71 
0.91 
1.11 
1.07 
1.78 
!.67 
1.05 
1.75 
1.72 
1.69 
2.49 
2.24 
2.89 
2.71 

8.81 
7.54 
8.69 
7.50 
5.62 
7.73 
5.47 

8.40 
6.39 
3.64 
3.57 
8.54 
8.51 
8.38 

21.43 
8.82 
8.84 
8.87 

20.56 
6.40 
^ ^^ U."" 
5.73 
5.99 
5.03 
2.77 
2.76 
4.86 
5.87 
5.84 
5.64 
3.88 
2.96 
0.00 
2.03 
2.22 
3.01 
2.97 
5.96 
4.02 
2.78 
5.95 
5.89 
5.40 
9.50 
8.89 

10.43 
10.32 
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Pumping rates for the two supply wells are given in Table H-4. Large 

drawdowns or decreases in heads near the TSF correspond to periods of high 

pumping. The combination of pumping, annual recharge, and long-term changes 

in recharge contribute to the highly dynamic water-table elevations observed 

at TAN. However, the variation in head (10 ft) caused by pumping is 

relatively small in comparison with the total thickness of the aquifer 

(>400 ft), which suggests that changes in head caused by pumping events occur 

near the top of the water table, and do not create larger vertical flow 

components at depth. 

To examine the hypothesis that in addition to horizontal dynamics, 

vertical flow components within the aquifer exist, water levels have been 

measured in nested well pairs. There are several wells that are separated by 

short horizontal distances in which water levels have been taken at different 

elevations. Head data at a single point in time for these nested well pairs 

are given in Table H-5. 

At first glance, there appears to be a large component of vertical flow 

relative to the horizontal gradient. We feel that these numbers are 

misleading for three main reasons: 

1. The horizontal separation of wells is on the same order as the 
vertical separation in all but one well. This means that the 
measurements reflect as much horizontal flow potential as vertical. 

2. Ideally, gradients should be measured at two points along the same 
flow path (i.e., vertical). In fractured basalts, there is no 
guarantee that the well pairs are connected by the same set of 
frartwof nr matrix hlnrkc. -__-. __ _. ..-_. _. __.._. 

3. If the vertical flow gradients were actual instead of illusory, 
contaminants injected at the TAN-INJ well would travel at a rate of 

k dh 
3=---= '""(iut~aay) x 3.5E-O3(ft/ft) = 3.5 ft/day 

ddz . 

vertically, which when couoled with a similar horizontal velocity r~-- ~~~~~~ 
results in an approximately forty-five degree downward movement. 
This net downward velocity would cause the injected contaminants to 
travel from the upper 400-ft thickness of the aquifer within a year 
of having been introduced. Instead, we measure significant 
concentrations of injected organics several thousands of feet 
horizontally from the TAN-INJ well. 
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Table H-4. Monthly water volume and volumetric rates for TAN water supply 
wells. 

Date 

TAN-l 
Volume 

(lo3 gal) 

TAN-2 Total Volume Average Combined 
Volume Withdrawn Withdrawal Rate 

(IO3 gal) (lo3 gal) (gal/day) 
Jan-90 804 1255 2059 66423 
Feb-90 1084 640 
Mar-90 1606 74 
Apr-90 1237 132 
May-go 239! 70 
June-90 1596 15 
July-90 2855 14 
Aug-90 2557 464 
Sep-90 33 2775 
Ott-90 1106 891 
Nov-90 1980 130 
Dee-90 1666 14 
Jan-91 4724 14 
Feb-91 1841 0 
Mar-91 1854 0 
Apr-91 2093 0 
May-91 1705 409 

1723 61553 
1680 54209 
1369 45646 
?dCl 704M L-VI , .,7"., 
1611 53685 
2870 92570 
3020 97430 
^^^^ ^^-^.. LtlUtl Y*ouo 

1997 64414 
2110 70343 
1680 54183 
4738 152830 
1841 65737 
1854 59801 
2093 69780 
2114 68193 

Table H-5. Horizontal and vertical hydraulic head gradients. 

Horizontal Vertical 
Well Well Head Vertical Horizontal 

Separation Separation Difference Gradient Gradient 
Well Pairs Date (ft) (ft) (ft) (ft/ft) (ft/ft) 

TAN-4 - TAN-5 Sep-90 43.01 63.00 0.07 l.l2E-03 1.63E-03 
TAN-6 - TAN-7 Sep-90 47.17 12.30 0.02 1.63E-03 4.24E-04 
TAN-13A - TAN-14 Nov-90 63.16 60.00 1.60 2.67E-02 2.53E-02 
TAN-1OA - TAN-11 Sep-90 79.40 66.80 0.26 3.90E-03 3.28E-03 
TAN-11 - TAN-12 Sep-90 44.94 72.00 4.81 6.68E-02 l.O7E-01 
TAN-1OA - TAN-12 Sep-90 118.09 139.00 5.07 3.65E-02 4.29E-02 
TAN-15 - TAN-16 Sep-90 45.01 70.00 0.18 2.57E-03 3.99E-03 
TAN-CH2S - TAN-CH2D Dee-90 0.00 583.00 12.24 2.10E-02 
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After relating these apparent vertical gradients to measured values of 

concentration obtained over large horizontal distances, it is apparent that 

although there may be some vertical movement of contaminants, the net movement 

is horizontal. 

There is, however, one important geological feature that stands out when 

examining the vertical distribution of heads, namely the apparently upward 

vertical gradient from the shallow perforated interval of the TAN-CH2 well to 

the other wells in the vicinity of TAN-CH2S. For example, the head in 

TAN-CH2S is about 10 ft higher than the head in TAN-8, which results in an 

apparent upward gradient of 0.04 ft/ft. The macroporous media model, which 

suggests that the total flow path consists of a combination of smaii verticai 

and larger horizontal movements around and through the large basalt blocks, 

with a net horizontal movement, cannot be used to explain this observation. 

it can be expiained by examining Figure R-3, which iiiustrates the penetration 

depth of TAN-CH2. Note that the completion elevation interval of TAN-CH2 is 

between 4,311.2 and 4,299.42 ft, approximately 200 ft below the Q-R interbed. 
-... ^..^ -_.. ^... A ciassicai three-point anaiysis using the IAN-LHZ, 

* ..^^^ ” 
IAN-~,, ano uSb~-l weiis 

can be used to project the Q-R interbed northward from the immediate vicinity 

of TAN where it subcrops the water table at an elevation of about 4,600 ft 

(see Section 2.i.6.6 of the Work Pianj. 

The working hypothesis is that TAN-CH2 is in communication with those 

higher-upgradient heads, ?..I-.-L-A * -l!f__LJ___1.. ___Cf-l-- 
and that the Q-R InLeroeu is errer~~vauy LO~IT ~rl~rly 

between the subcrop area and TAN-CH2. Section 2.1.6.6 further suggests and 

discounts the four following hypotheses based on conceptually feasible but 
.~~~~~-I~-ILT- ,~~~l~~-~~.-.~ ,I\ ----7-1-1.. -7-.---A ___77 I*, _ ___--_-L L^^-l I.""... improoaole nyurau~ics; (1, a c"lllpIt!L.ely p,lwjgeu WtTlI, (Cl a r~ellllla.llL Ilea" ll~"lll 

the 1969 flood, (3) a residual head from the injection well, and (4) a lowered 

head above the Q-R as a result of pumping from the TAN-l,2 wells. The 
I~~~>~-.~.-:- .L_ c_.___ L_.-_LL__:_ -.-- "^^-^" &1.."7.,. nyoraulic arguments against one rour nyR,u~nes~s a.re rrsprc~lvrly; 

1. For TAN-CH2 to act as a plugged well, it would have to have been 
completed in completely impermeable sediments in which the higher 
head incurred during drilling was trapped. A 12-ft impermeable 
interval is unlikely to occur in the fractured basalts existing at 
the INEL, but the possibility will be investigated using a simple 
slug test. 
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2-3. A residual head from either the flood of 1969, or from injection 
activities that ceased 20 years ago is improbable based on the 
storativity of basalts (0.001-0.01). In addition, we note that 
either of these possibilities would require the storing and gradual 
release of an equivalent flux of 7 million gallons of water per day. 

4. It is possible that pumping at TAN-l,2 has lowered the head above the 
n n I..*^-L-A z.. CL- ..L--tl^.~. u-1 7 - . I. ̂  . .^ . . L - nrw ^C CL.,. ..,.....%^A *.*.+,.... q-m IIILClUlz" 111 Lllr ,,,a. l"W we, I>, ll"lle"el ( ,"I0 "I LllC pu,t,pu "tlL.SI 
is returned to the aquifer via infiltration ponds. 

After examining the possible scenarios, it is most likely that the Q-R 

interbed allows the TAN-CHZS interval to communicate with higher upgradient 

heads. This communication effectively defines the bottom of the upper-aquifer 

system. 

Although we measure local components of vertical flow within the 

upper-aquifer, the primary flow direction appears to be horizontal. The most 

plausible explanation for this discrepancy goes back to the macroporosity view 

of the fractured basalt system, where again we hypothesize that the total flow 

path consists of a combination of vertical and horizontal movements, resulting 

in large net horizontal movements with a large vertical mixing zone. This 

hypothesis is substantiated by the concentrations of contaminants measured 

through a large vertical and horizontal section of the aquifer. Substanti- 

ating data are presented below in the form of similar concentration values 

measured in both wells of a vertically nested well pair (TAN-4 and TAN-S). 

The concentration of TCE, PCE, "Sr, and 3H were measured in the TAN 

groundwater. Contour plots of these concentration measurements are summarized 

in Table H-6 and are shown in Figure H-6. 

The concentration contour plots indicate a generally southeastern movement 

consistent with the regional groundwater flow direction. However, we believe 

that the pumping wells at the TSF tend to draw the plume further to the north 

near the TAN-l and TAN-2 wells, resulting in a delayed movement to the 

southeast and a larger spreading thickness than would result from regional 

(ambient) groundwater movement alone. These concentration values support our 

assumption of vertical mixing of contaminants that results in net horizontal 

movement of a large thickness. 
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Table H-6. December 1989 well concentrations. 

Well Name 
TCE PCE 

tlJ9/L) &4/L) 

90Sr 

W/L) 
"H 

Wi/mL) 

ANP-6 
ANP-8 
TAN-l 
TAN-3 
TAN-4 
TAN-5 
TAN-8 
TAN-9 
TAN-10 
TAN-11 
TAN-D1 
TAN-D2 
II,.,.,. "a "3b>-L4 
USGS-26 
TSF-INJa 

ND ND 
6 1 
7 2 
ND ND 
70 20 
71 16 
ND ND 
86 17 
28 il 
89 24 
150 23 
660 11 
i300 ii 
ND ND 
28000 37 

2+2 
2 f 2 
10 f 2 
4 +2 
2+2 
ND 
3f2 
15 f 3 
76 f 7 
6+2 
ND 
230 f 20 
ND 
2t2 
200 

ND 
ND 
ND 
ND 
0.9 + 0.2 
1.7 f 0.4 
ND 
8. + 0.6 
2,8 ?r 0.3 
3.5 i 0.6 
2. f 0.4 
4.4 ?: 0.7 
98f07 . . 
ND 
20.9 f 2.7b 

a. March 1989 concentration measurements. 

b. March 1989 value reduced 4% from 21.8 (radioactive decay). 
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Figure H-6. Concentration contours of TCE, PCE, "St', and 3H measured in the 
TAN groundwater. 
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Fiaure H-6, [continued!. -L - 
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H-6. PREVIOUS MODELING STUDY 

As a first approximation, the groundwater flow and transport system was 

numerically simulated in a study ending in June 1990 (EG&G Idaho, 1990). The 

approach taken assumed a steady-state head distribution at the TAN site. The 

modeling approach neglected the recharge occurring at the terminus of Birch 

Creek and Little Lost River, and the effects of pumping from the water supply 

wells and recharge in the disposal ponds. 

The study assumed that the heads of January 1990 were representative of a 

one-hundred year average condition. By adjusting transmissivity values, a 

reasonable match of the hydraulic heads was achieved (see Figure H-7). Using 

the steady-state head configuration, concentration distributions of TCE, PCE, 

"Sr, and 3H were predicted over a time period of 40 years (see Figure H-8). 

Examination of the computed concentration plumes with known regional 

groundwater gradients, and the spatial distribution of contaminants on January 

1990 illustrates the following differences between simulated results and 

expected values, which are easily explained by the modeling approach: 

1. There is a significant difference in plume orientation between the 
modeling results and current measurements. 

2. The simulated plume is much narrower than expected, which highlights II~ r~~~TL- .r IL-L -..-~~-~-- --J-71__ _*___I_. tne rau1t.s or mar PrelImInary moues 1n9 s~uuy. 

Groundwater flow directions and directions of contaminant movement are 
I?.I-L-> L.. *L_ I....# .__.. 1:_ L__A -.__.I:__*^ "ICLd!x" vy Lllr nyur-au, IL Ilttca" y""'rrlLb. As shown by the data presented in 

Figures H-4 and H-5, the head distribution at TAN is very dynamic. The 

arbitrarily selected January 1990 heads are probably not representative of 
7--- *_._- L__A -___A:_-&- ^.,1^L1-^ _A CL- ^a&.. Iorly-Lerlll Iled. yr-d"IWL> enl>Lllly al, L.,nr a1l.e. In addition , the ChOSeii head 

distribution was not subject to long-term changes caused by periodically 

wetter/dryer years, or to changes in local groundwater heads caused by changes 
1_ -..-- i-- .-"I^^ c-^... &I^.. . ..- A^." -..".., *, . . . ..I 1 . 111 pw,,p""y r~al.eJ I l"lll LllC wa,Lcr J"pp'J IIGI I>. 
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Figure H-7. Hydraulic heads of January 1990 from field data, and the same 
data simulated by adjusting transmissivity values. 
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L 
Fi9ure H-8a. Concentration contours of TCE for the years 2000 and 2030, 
simulated using steady-state heads of January 1990. 
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Figure H-8b. Concentration contours of PCE for the years 2000 and 2030, 
simulated using steady-state heads of January 1990. 
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Figure H-EC. Concentration contours of "Sr for the years 2000 and 2030, 
simulated using steady-state heads of January 1990. 
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Fiaure H-Ed ._~~~ -~~* Concentration contours of 3H for the years 1995 and 2005, 
simulated using steady-state heads of January 1990. 
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Extremely large values of the longitudinal and transverse dispersion were 

necessary to obtain the modeled plume thickness. The dispersion coefficient 

is a term used to account for mechanical mixing of solutes as the water flows 

around and between sand grains. Typically, the mixing term or dispersion term 

is much greater in the direction of flow (longitudinal) than transverse to the 

direction of flow. In these steady-state simulations, the transverse 

dispersivity was 40, while the longitudinal value was 91. Although not 

technically correct, using a larger value of transverse dispersivity could 

have allowed the plume to become wider. A more technically correct method of 

increasing plume width to a representative or more representative state simply 

involves including the transient heads. 

The transient nature of heads resulting from long-term periodicity in 

recharge (Figure H-4) can cause a fairly significant variation in groundwater 

direction. This variation in flow direction allows the contaminant-bearing 

water to contact a much larger portion of the aquifer than is presumably 

predicted from the steady-state head approach. As the water contacts more of 

the aquifer, the contaminants are aiiowed to degrade radioactiveiy, adsorb 

onto the rock chemically, and be degraded through contact with micro- 

organisms. Hence, the plume concentrations predicted by the steady-state 

approach are most probabiy overiy conservative. 
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H-7. CURRENT MODELING STUDY 

In view of the collected data and information presented by previous 

modeling efforts, the proposed modeling approach is two dimensional in plan 

view and assumes vertical averaging. 

This modeling study will incorporate the hydrologic features dominating 

the flow and transport at TAN. These features include: 

1. 

2. 

3. 

4. 

Varying water levels caused by recharge from Birch Creek, Little Lost 
Rivers, and local recharge events. These transient recharge events 
play a large role in determinino the position of the water table 
(free-surface), thickness of the saturated zone of the aquifer, and 
ultimately the overall groundwater flow direction. 

Variable horizontal hydraulic properties will be incorporated by ,I~~~~,~~~~~..~ ~~ J~~-L.~~IL~~t aiiowing the basait to have transmissivity (nyoraullc conouctiv~ry~, 
porosity, and storativity values that are representative of values 
measured at the TAN site. 

Variable pumping rates at water supply wells will be modeled. The 
pumping wells tend to increase local gradients and locally reverse the 
regional gradients (drawing water from the south to the north), 
pulling the contaminants along the flow path or obliquely to the 
regional flow path. As the pumping rate increases, the degree of pull 
InCiXaSt?S. DeCrEiSi2d piiiiipiSg r&G Z::Ciii the f!oW t6 X53iiiii~ it3 
southeasterly direction. Changing pumping rates result in a side-to- 
side movement of water, allowing further adsorption, decay, and a much 
larger net dispersion. 

Values of dispersion will be small and reasonable. This can be 
accomplished by incorporating the fluctuating water levels. If 
fluctuating water levels, which aid in mechanical mixing, are ignored, 
unrealistically high values of dispersion would be needed to simulate 
*L^ -Z.,lm.,. _1^^"^_ l.,,r 111ls.1Ipj ~'"LC~Z.. 

On a very small scale, the aquifer at TAN is an extremely complex three- 
s#l-r^^l^^-l -*,-a...... ^^rr:^+imr ",,,,r,,J,"lla, >J>LC"' r"rlJIabI"y of fractures, &....*I+ "lm+..iv I.*,- .,nn+r .,..A YILJIL, * ,,,a*, ,*, ,-"a "SIIC~) CtII" 

sedimentary interbeds. However, the head and concentration data that have 

been collected at TAN indicate that, on a large scale, the aquifer behaves as 

a two-dimensional system. TL. I.\l,.rLr nf I.-.--,+ ,r+ ,:I,,. 13rn.T r...Anr~:nr ,115 "IVLhJ "I "aJo,-. QbC IlIt= n.anys -'Luwy""'~, and 

the regional hydraulic gradient is fairly uniform. Although some measurements 

suggest vertical flow as a factor, the field data and geologic description of 
+*C. ,"#,iFrs&. r,,nn,Tr+ +I%.,+ +ho nrim3r.r flow is ht.ri,,-,n,., n, +I.a h.rir nc c,,s qu, ,r, a"yyFaC c,,mc L.IIC fe' ""a", ll", IL",,,.", . "4, u.,r ""asa "I 

concentration data, which support a vertical mixing model, a two-dimensional 
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area1 model should be sufficient to simulate the system. In addition, enough 

data have been collected to initially parameterize a two-dimensional numerical 

flow and transport model. Enough data do not exist to parameterize either an 

unsaturated or three-dimensional saturated numerical flow and transport model, 

nor is it considered necessary to do so in order to provide a realistic model 

of the system. Adopting a two-dimensional model does not preclude performing 

sensitivity studies in the vertical plane. In fact, studies of vertical flow 

components resulting from the fluctuating water table will be performed to 

validate the use of a vertically integrated flow and transport model. 

In addition to flow and transport in two-dimensions, the primary source of 

contaminants at TAN supports the use of a saturated flow model. Contaminants 

at TAN are suspected of entering the aquifer primarily through the two 

screened intervals of the TAN-INJ well. These screened intervals are between 

the depths of 188 and 338 ft, which is mostly beiow the bottom of the 

unsaturated zone. Because the bulk of contaminants were injected directly 

into the saturated zone of the aquifer, it is only necessary to model that 

portion of the aquifer. This approach may negiect some contaminant carried up 

into the unsaturated region by the fluctuating water table, but the thickness 

of that region is negligible relative to the total thickness of the aquifer 

itseif. 

Another cause of vertical flow might be density effects. If, for example, 
~-~~~~IL L- concentrations of dissoived organic soivents were great enougn to result in 

buoyancy effects, density-driven flow could occur. The weights and 

concentrations of the organics found at TAN are insufficient to influence the 
A~- AL- 1_7-.. -..-I-- TLI- 1. A_A__-l__l L.. movement of contaminants in one rlow system. __-____1-- I n I s I s "eLt!rlll I I&!" "J c"lll~*r- I ny 

the ratio of dissolved solvent density/water density to one: 

jj=4-1= 0.4 x 106g/cc-i ~ -i.O 
PO WCC 

The vertical flow equation then becomes 

Q* = -Y [--f&+8] = -Y [S-l] 

which indicates that there is a single fluid only. 
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In addition, the volume of TCE dissolved in 1 cc of H,O is given by the 

ratio of an areally representative near-source (i.e., within one-half mile of 

the injection well) TCE concentration (400 fig/L = 0.4x10-"g/cc) to the density 

(1.46 g/cc) of TCE: 

V CTCE 0.4 x iO*gjcc 
TCE = - = = 2.74 x lo-‘cc of TCE 

PTCE 1.46g/cc 

Thir ovtr,mr.l\r cm>,, n,mkar inAir.+ar 1111e ..n*'L'"'c', -III", I I,UIIIYG, III"I.,"cza a ,,nc\, rli,,,+n r,-.,,,+inn .L'J "ll"CZ a"I"*I"II, a single 

fluid phase, and negligible density effects. 

Thnco ralr~hatinnc comnart that doncitv differences betueen the djrs~jvpd . ..- "- _"._"."".I.._ _" ==--I ",."" " -.._, ", 

injected fluids and the ambient groundwater should be neglected. At this 

point, there is no field data to support the existence of non-dissolved 

contaminants at TAN. Based upon the current data, it js consj&red sufficj& 

to model only dissolved contaminants. 

The nmnoccxl mnddino annr~ach can be used ?a nmhr~ resllltC tha_t a_pe r _r ____ .._ -_. _._= rr r. ----- __-. __ 

conservative from a risk-assessment point of view. For example, if in 

actuality there are vertical flow components, the total horizontal movement 

will be less than predicted by a vertically integrated flow approach. In 

addition, concentrations predicted by a vertically integrated flow approach 

will be slightly higher than predicted by a three-dimensional model with 

similar total thicknesses. The degree of conservatism can be adjusted in the 

final modeling process by varying the input parameters within physically 

realistic ranges as a part of the sensitivity study. 
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H-8. MODEL SELECTION CRITERIA 

A vertically integrated two-dimensional (in plan view) model with the 

capability of simulating the free surface of the water table, time varying 

boundary, first and/or second type boundary conditions, and multiple 

time-varying sources and sinks is required to simulate the groundwater at TAN 

for the RI/D. 

Criteria for selecting a model for the TAN RI/FS are: 

1. Capability of producing a conservative estimate of flow and transport 
from a risk-assessment perspective if realistic and defensible. 

2. Capability of simulating two-dimensional transient vertically 
integrated flow, i.e. the Boussinesq equation: 

N +S dh =VKhVh 
dt 

N = local recharge 

S = storage coefficient 

t = time (day) 

K = hydraulic conductivity (ft/day) 

h = hydraulic head (ft) 

V = gradient operator (l/ft), 

which is valid as iong as the ficiw is primaiqiiy ~O~ILUIIL~I. The fiOii 
at TAN is primarily horizontal with minor vertical flow near the water 
table due to pumping. 

3. Capability of simulating a highly oeriodic free-surface water table 
without resorting to solving the Richard's equation for unsaturated 
flow, accomplished by solving the Boussinesq equation and preferably 
by allowing a dynamic time-stepping solution. 

a L---LI,II.. -c _l-__7 _*1-- *.__--1__* Cl--C ^- ^ ̂ ^^_ -1 L.,^^ l....~....l-."., 4. Lapa", I ILy UT >llll"IdLLlrly L,~aill>Iel,L I Ir~,L- "I ,rc"ll"-LJpe "uull"alJ 
conditions at a time interval of days without resorting to 
infinitesimal time steps, where the first- and second-type boundary 
conditions are input in functional as opposed to table form. This is 
necessary to reduce the storage requirements of the code, reduce the 
amount of data manipulation, and simplify the coupling of the flow 
code to the transport code. 
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5. Capability of including heterogeneous horizontal hydraulic 
conductivity and storage coefficient within the simulated domain. 

6. Capability of either an internal or complimentary external solution of 
the advective-dispersion transport equation based upon transient 
velocities (v) mathematically consistent with the formulation of the 
flow model 

where 

phi = effective porosity 

V = groundwater flow velocity (ft/day) 

C = species concentration (g/cc) 

..s+.,.4Y.+i,Tn f.r+r\r R, = I~C"lYY~l"II IYc*vI 

Dm = mass dispersion coefficient 

x = decay constant 

il = mass source term (g/day) 

Xi = coordinate direction (ft). 

We point out that there are uncoupled transport codes that, with 
additional data manipulation, will accept output in the form of 
.,nlr\S.i+i,3C frnm flnw rd~r Thn.20 m.ninlll.tinnc av.0 nfton nnt marc .CI"k.,rlra II",,, II",. ..""..I. ,111.z.. “,““‘*“““‘v”‘- I. w -.“...a ..“” ..a”.,- 
conservative, and are completely intractable from an implementation 
point of view in highly dynamic systems. In addition, non-coupled 
flow and transport codes force the use of the same spatial and 
temporal discretization for both solutions. We see the use of a very 
large system to incorporate the influences of Birch Creek and the 
Little Lost and Big Lost rivers at TAN. A separate (finer) 
discretization will be used for simulating the transport, which occurs 
at a much more localized scale near the TSF. In order to perform the 
rn-ri;rrrnti7.tinn hntwoon f]nu :p.d +znspnrt, the rn~~nlinn of the ,- “.-..,..“.&““.-.. w-“..--.. -“or. . ..= 
codes must be mass conservative and easily implemented. 

7. CaRability of simulating advection (v), dispersion (D'"), adsorption 
(R ), and radioactive decay (X) of contaminants. 
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a. Code compatibility with existing computational environments at the 
INEL, which include the UNIX-SUN and UNICOS-CRAY platforms. 

9. Adequate code documentation and graphical presentation capabilities. 

10. Availability of the source code, documentation, and bench-mark tests 
for independent review.; 

The models considered for the TAN RI/FS simulation are given in Table H-7. 

Preference is given to public domain codes, as per the guidelines set 

forth in the Report of Findings and Discussion of Selected Groundwater 

Modeling Issues (van der Heijde, 1986). Some of these codes can be 

disqualified based on lack of either transport capability or the ability to 

handle the dynamic water-table conditions. The capabilities of these codes 

relative to this modeling study are given in the following section. 

Table H-7. Flow models to be considered for use in TAN RI/FS simulations. 

BIOPLUMEII FLASH NWFT SUTRA USGSZD 
COOLEY HST3D PORFLO-3D SWIFT11 USGS3D 
DSTRAM MAGNUM-2D SEGOL TARGET-ZDH v3 
FE3DGW MAGNUM-3D SATURN TRACER3D VAM2D 
FEMWATER MODFLOW SEFTRAN TRAFRAP-2DT VS2D 
FLAMINCO MOFAT SHALT TRUST VTT 
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H-9. MODEL SELECTION SCREENING 

Groundwater flow and contaminant transport models that are presented in 

Table H-7 are described in Table H-B. The information in these tables was 

obtained from van der Heijde et al. (1988), Bond and Hwang (1988), and Dames & 

Moore (1985). The models in these tables were selected based on previous code 

reviews, and were thought initially to be capable of simulating either the 

flow or transport processes occurring at TAN: unconfined, transient, 

saturated, and horizontal flow, with advective, adsorptive, dispersive, and 

radioactive contaminant transport. All of the numerical models listed (finite 

difference and finite element) can simulate two-dimensional flow with the 

exception of NWFT/DVM, which is a one dimensional finite difference code 

capable of simulating flow and transport in one-dimensional water-table 

aquifers. 

Table H-8 lists relevant information about each model, arranged 

alphabetically according to the name of the model. Table H-9 indicates 

whether each model satisfies the eight criteria listed previously in 

Section 8. 

On the basis of the code selection criteria, seven of the codes (COOLEY, 

FE3DGW, SEFTRAN, USGS2D, USGS3D, V3, VAM2D, and VTT) were disqualified because 

they lacked a transport component. 

Two codes (SATURN2, and VS2DT) were disqualified on the basis of handling 

only vertical flow as opposed to horizontal flow required to model groundwater 

flow movement at TAN. One code (NWFT/DVM) was disqualified on the basis of 

handling only one-dimensional flow, and one (HST3D) on the basis of performing 

only steady-state flow. 

Of the remaining twenty codes, only TARGET-2DH and MODFLOW actually solve 

the Boussinesq equation. Instead of eliminating all of the others, codes 

solving the variably saturated equations were considered further. Solution to 

the variably saturated flow problem involves dealing with non-linear hydraulic 

conductivity - head K(h) relationships. The equations can easily be massaged 

into the Boussinesq equation by letting the functional relationship between 
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Table H-8. Relevant groundwater model capabilities/numerical model 
descriptions. 
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The following is an explanation of the symbols, and authors appearing in 

Table H-8: 

Svmbol 

Computer 

Code dimensionality 
orientation 

Boussinesq equation 
Heterogeneity 
Transient 

Variably saturated 

T___- ___._ * --A- l r-allsp"r-L L""r 
Advection 
Dispersion 
Retardation 
Radio-Decay 
? 

Descriotion 

The type of platform (C/S = Sun and Cray, PC/S = PC 
and Sun). 
Whether the codes solves 2- or 3-dimensional flow, 
with respect to the horizontal (H) or vertical (V) 
direction. r.~~ll- >?rr-...~ In7 -.. r1.11. -1_-_-L- rl-7 rinite oirrerences LUJ or rini~e eiemen~s LCJ. 
Fixed time step sizes [FDT] or dynamic time step 
sizes [DDT]. 
Solved currently by the code yes = l . 
In hydraulic conductivitv. 
Flow and boundary conditions: I=insufficient (non- 
dynamic, or non-point source); N=steady-state. 
Does the code have a non-linear iterative capability? 
(N=no, Y=yes, F=fixed point, P=picard, N=newton). 
T- AL--- -- 1..*^---7 ^Y ^^^..-..*^.. +-....-^^...+ ..^A^, 15 l.,,C,~C a,, ,,,L.e,,,a, "I c"ll,pall lull CI a,,>p,v, L L.vu=: 
Transport includes consistent advective velocities. 
Transport includes dispersion. 
Transport includes retardation. 
First-order radioactive decay is included. 
Could not be determined from available documentation. 

Source 

ACRI 
AEC 
BECHTEL 
D&M 
DRI 
EST 
EG&G 
GEOT 
HGLI 
IGWMC 
ISWS 
INTERA 
LANL 
LBL 
PNL 
Rice U 
SNL 
USGS 

Analytic and Computations Research, Inc. 
Atomic Energy of Canada 
Bechtel Corporation 
Dames & Moore 
Desert Research Institute 
;;;;ro;;;ntal Services and Technology 

Geo?Cans, !nc. 
HydroGeologic, Inc. 
International Groundwater Monitoring Center 
Illinois State Water Survey 
INTERA, Inc. 
Los Alamos National Laboratory 
Lawrence Berkley Laboratory 
Pacific Northwest Laboratory 
Rice University 
Sand;a Nat;onaj I ahnr.tnrv &“.,“. ..““. , 
U.S. Geological Survey 

H-45 



Table H-9. Code availability and modifiability. 

UnAiCir3Cinn f-k3nnnr +n VI”“,, IlrolbIYII c”“‘yc’ C” 
Code Availability Difficulty Flow/Transport 
Name (public/private) (us/them) (both) 

FEMWATER 
FLAMINCO 
FLASH 
MOFAT 
"nncl ,-I,., I‘,"", L"" 
PORFLO-3D 
SEGOL 
SATURN 2 
SHALI 
SUTRA 
TARGET-2DH 
TRACER3D 
TRUST 

proprietary 
Proprietary 
Public Domain 
Proprietary 
D..Ll :e n,"..;" F""l IL ""lllalll 
Proprietary 
Public Domain 
Proprietary 
Proprietary 
Public Domain 
Proprietary 
Public Domain 
Public Domain 

Difficult (by them) 
Difficult (by them) 
Easy (by us) 
Difficult (by them) 
n:rr;,...,+ Ii.., .,..\ "III IL",* \"J UJ, 
Difficult (by us) 
Difficult (no documentation, them) 
Difficult (by them) -. __. 
uitticuit (by themj 
Difficult 
Difficult (by them) 
Difficult (by them) 
Difficult (no documentation, us) 

Flow 
Flow 
Flow 
Flow 
Both 
Flow 
Flow 

Flow 
Fiow 
Both 
Flow 
Flow 
Flow 

hydraulic conductivity and head take the form: K(h) = Ksath, where Ksat is the 

saturated hydraulic conductivity. In the case of finite-element codes, the 

Boussinesq equation can be implemented rigorously. These remaining codes are 

listed in Table H-9. 

All of the codes appearing in Table H-9 would have to be modified to 

incorporate the dynamically transient water-table conditions existing at TAN, 

as well as to actually solve the Boussinesq equation (except TARGET-2DH and 

MODFLOW which currently solve the Boussinesq equation). As specified in the 

table, all of the proprietary codes would have to be modified by the code 

author to our specifications which could take an extensive period of time. 

Public domain codes having documentation can be modified in-house by EG&G 

Idaho. Some of the public domain codes are poorly (or not) documented, which 

increases the time required to understand and make changes to the code. 

Of the codes given in Table H-9, four are the best candidates for 

modification. These codes include FLASH, PORFLO-3D, MODFLOW, and TARGET-LDH, 

which are evaluated below. 
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FLASH (EG&G Idaho, 1991) is a two-dimensional, finite element model 

developed at EG&G Idaho, Inc. The code is well documented (Baca, 1991), and 

has been benchmarked and validated as a part of other benchmarking/validation 

studies. The code itself is currently undergoing the complete benchmarking/ 

validation process by an independent group at Washington State. FLASH 

incorporates a dynamic time stepping algorithm that allows the convergence of 

mass to dictate the time steps used in solving transient problems. This 

algorithm allows very efficient solution of highly dynamic fluctuations in 

water-table elevations without the use of unnecessarily small constant time 

steps. Output from FLASH consists of the transient heads, velocities, and the 

spatial discretization used to solve the flow problem at user-selected time 

planes. This information serves as input to the companion transport code, 

FLAME, which is also a finite element model developed at EG&G Idaho, Inc. 

FLAME allows the user to rediscretize portions of the flow domain in order to 

reduce the overall computational burden while allowing extremely fine 

resolution of contaminant plumes. The rediscretization is mass conservative, 

and is based upon consistent spatial interpolation functions using the heads, 

velocities, and spatial discretization output by ILASH. Both codes have pre- 

and post-processing capabilities useful in checking input data and outputting 

the results graphically. 

Modifications to FLASH/FLAME involve changes to the code logic in three 

places to allow the solution of the Boussinesq equation, and to incorporate 

functionai forms for transient head and fiux boundary conditions. The 

modifications for transient heads and fluxes would simply require changing the 

table-lookup prtr::edure currently used to an evaluative function that is 

user-constructed. incorporating the Boussinesq equation simpiy requires the 

hydraulic conductivity appearing in the code to be modified by multiplying it 

by the saturated thickness (hydraulic head). These modifications are 

extremeiy easy to incorporate primarily because of the very structure0 nature 

of the FLASH code. There are no necessary modifications to the FLAME code. 

--..I-..----- Adopting the two-dimensionai FLASHjFLAMi model *iii aliow the perrormance 

of sensitivity studies in the vertical plane. The study of vertical flow 

components resulting from the fluctuating water table will be performed to 
..-..A--17.. A-I_____L_> c1__. A * ._------ & -^A^, vaiidaie the use of the vertically ~n~egrat.eu rlvw aiiu or-anspur-L IIIUO~I. 
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Use of FLASH/FLAME enables us to quickly adopt a three-dimensional 

approach if necessary. For example, if data collected in the spring/summer of 

1992 at TAN indicate the need for a 3-dimensional flow and transport model, 

and adequate data exist at that point, MAGNUM-JD/CHAINT can be used with minor 

modifications to the input deck. 

The history of use of FLASH/FLAME is limited due primarily to its rather 

recent development. The modeling staff at EG&G Idaho, however, is very 

familiar with this code and can modify it quickly. 

PORFLO-30 is a three-dimensional finite difference model, developed by 

Analytic and Computations Research, Inc. (ACRI). Hall et al. (1990) found 

that "organization of previous code and documentation updates seems to have 

been rather haphazard," but the code is well verified. It has been used 

widely. PORFLO-3D is a powerful model with a user-friendly key word oriented 

preprocessor. Because PORFLO is currently used at EG&G Idaho, several 

post-processing routines for output are available. 

Modifications to PORFLO-3D would include incorporating a dynamic 

time-stepping algorithm to make computations of flow and transport at the TAN 

site computationaiiy reaiistic. in addition, modifications wouid inciude 

adding the dynamically transient boundary conditions and incorporating the 

Boussinesq equation. With these modifications, PORFLO-3D would be able to 
-_.. 

soive the head and Concentration distributions at IAN. However, the same high 

resolution computational grid used for transport would also have to be used to 

solve the head distribution, making PORFLO-3D very inefficient in terms of 

computationai space and computationai time. 

MODFLOW is a modular two- and three-dimensional finite-difference model 
.^^a. deveioped by the USGS (McDonaid and Harbaugh, 1964). The documentation for 

MODFLOW is complete, the code has been verified, and it has been used widely. 

MODFLOW is a powerful model with an extensive user interface developed for the 

personai-computing piatform. ..,.sr, ,.I I . muur~uw is currentiy not used at EG&G idaho on 

mainframe platforms and would require the development of appropriate 

pre-processing routines and application of additional post-processing routines 
r-~~ *L- ~~-.-1-1-*1-.. -....2..-----A ror Lne worksLaLion environment. I*- --I- LL-I *L--- -..- we IIULI: gnaw ~nese pre- and post-processing 

routines currently exist for the slower MS-DOS machines, and also note that 
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the development of similar features for the workstation environment would 

require a relatively small effort. 

Modifications to MODFLOW would include incorporating a dynamic time- 

stepping algorithm to make computations of flow and transport at the TAN site 

computationally realistic. In addition, modifications would include adding 

the dynamically transient boundary conditions in functional form. 

The code currently solves the non-linear Boussinesq equation using a 

fixed-point iteration method that is much less efficient than the Newton-type 

iteration used in FLASH. With the modifications to incorporate the different 

boundary conditions, MODFLOW would be able to solve the head distributions at 

TAN. However, although MODFLOW is capable of solving the flow equations, 

MODFLOW does not currently have a fully coupled transport component. We note 

that the USGS is currently in the process of finalizing the code 

documentation, verification, and validation for a three-dimensional method of 

characteristics (MOC-3D) transport code for use with MODFLOW that should be 

available in the summer of 1992 (Prince, 1991). 

In addition, there has been a three-dimensional transport code (MT3D) 
.._--. _.. ._---. 

written to work with MuurLuw Dy Zheng (IYYU) of Papadopuios and Associates. 

MT3D was developed for the personal computing environment, and is available in 

source and executable code format with documentation upon purchase. MT3D was 

written in Fortran 77 and couid be adapted for use on a workstation piatform. 

As with MODFLOW, it would be more efficient to develop appropriate pre- and 

post-processing routines for the workstation environment. 

The major disadvantage of using the MT3D code is presented by the 

inflexibility in gridding. For example, the same high resolution computa- 

tionai grid and temporai time discretization used for transport wouid aiso 

have to be used to solve the head distribution, resulting in a projected order 

of magnitude increase in the numbers of grid cells and time steps used in the 

fiow modei. 
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Published applications of MT3D are limited, due primarily to its 

relatively recent development. However, MT3D is purported to be relatively 

slow for average transport problems by existing code users (Donohue et al., 

1992). It is unknown if the computational time requirements were due to 

excessive problem size performed on the computing platform for which the code 

was developed or due to the algorithm itself. In addition, from a phone 

conversation with Ackerman (USGS-Idaho) in February 1992, we found out that 

MT3D has not been accepted as the primary transport companion for MODFLOW by 

the USGS. 

Considering MODFLOW's lack of time stepping alternatives, and non-dynamic 

boundary conditions coupled with MT3D's computational requirements, the use of 

this code pair is not desirable. 

TARGET-2DH is a two-dimensional finite-difference model developed by Dames 

& Moore (1985). TARGET-2DH will solve the Boussinesq equation for simple 

boundary conditions. It was developed to run on personal-computing machines 

so porting the code to a SUN or CRAY environment should not pose a problem. 

However, it has come to our attention that the source code for TARGET-ZDH, 

necessary to incorporate complex boundary conditions, is not available. The 
__. 

source code would have to be modified by Dames & Moore, making it ciitticuit to 

validate their modifications. 

in addition to the boundary condition modifications, it wouid be necessary 

to incorporate a dynamic time-stepping algorithm to make computations of flow 

and transport at the TAN site computationally feasible. This modification 

wouid be necessary especiaiiy in view of the codes inabiiity to specify a 

different computational grid for flow and transport. Without the time- 

stepping modifications, TARGET-2DH would be unable to solve the head and 

concentration distributions within the TAN modeiing scheduie. in addition, 

the EG&G Idaho modeling group is unfamiliar with TARGET-2DH. 
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H-10. RECOMMENDATIONS 

We propose the use and modification of the FLASH/FLAME flow and transport 

codes for modeling groundwater flow for the TAN RI/FS. The main reasons are: 

Once modified, FLASH/FLAME will satisfy all the criteria deemed 
necessary 

FLASH/FLAME is easily modified to solve the Boussinesq equation, which 
is necessary to soive for water-ievei distributions at TAN 

FLASH/FLAME is easily modified to allow functional forms expressing 
the dynamic boundary conditions existing at TAN 

FLASH/FLAME currently will handle large variability in time-stepping 
through the use of a dynamic algorithm 

FLASH/FLAME will handle the horizontally heterogeneous physical ~I _..I properties that exist at inn 

FLASH/FLAME will effectively handle the advection, dispersion, 
retardation, and radioactive decay aspect of flow and transport at TAN 

FLASH/FLAME has a comprehensive suite of pre- and post-processing 
routines designed to aid in the display and interpretation of results 

FLASH/FLAME currently runs within the computing environment at EG&G 
Idaho 

FLASH/FLAME is familiar to the modeling group at EG&G Idaho and can be 
quickly modified without affecting the RI/FS schedule. 
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APPENDIX I 

WATER BALANCE CALCULATIONS FOR THE TSF-07 DISPOSAL POND 

A water balance was calculated to evaluate the impact that infiltration 

from the TAN TSF-07 disposal pond may have on the aquifer potentiometric 

surface. Input data consists of: 

. Water supply well pumping rates, process water discharge, and sewage 
plant discharge [obtained from the Industrial Waste Management 1-CA__-_L1_.. C.._L_- ,1IU,TP,, IrlT"rlllal.Iur, 3ysLelll (lWl'l13,, 

. Aquifer test data from perched water wells completed in the suspected 
perching layer beneath the TSF-07 pond and from aquifer wells 

. Pan evaporation data [obtained from the National Oceanic & Atmospheric 
Administration (NOAA)]. 

(1) 

where 

"in = waste water discharge to the pond 

ET = evaporation 

GWO", = flux into the groundwater system 

dS = change in storage within the pond. 

Assuming that infiltration from the ponds has reached steady state with 

the associated perched water body, the storage term will go to zero. This is 
nmhahlv ;I pesrm~&Je arswytinn hecause the nonds have been in urt? for about r’ ----‘J r-.-.. ___-___ r-..-- ..-.- ---.. 

35 years. The time-weighted average flux into the pond for the year 1990 is 
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about 280,000 ft3/month. The time-weighted pan evaporation as calculated by 

NOAA is about 0.30 ft/month. By applying the most common pan to lake 

correction factor of 0.7,a the estimated pond evaporation is 0.21 ft/month. 

The area of the two disposal ponds within the TSF-07 pond berm is 53,400 ft.', 

so the calculated pond evaporation rate is 11,000 ft3/month. This leaves 

about 270,000 ft"/month (46 gal/minute) to infiltrate down to the water table. 

Darcy's law can be used to calculate the area of the perched water body, 

and is given by 

n-vsl y-n.Arr (2) 

where 

K = hydraulic conductivity 

I = gradient 

A = cross sectional area through which groundwater flows 

Q = discharge. 

Assuming that the perched water body has reached steady state with respect 

to infiltration from the ponds, the approximate size of the perched water body 

can be calculated by solving for .A: 

Am-.&L 
x I 

By using the calculated infiltration rate of 270,000 ft3/month, and by 
. 

using the hydrauiic conductivity vaiue calcuiated from siug tests conducted on 

wells completed within the suspected perching layer of 0.04 ft./day, and 

assuming a unit gradient and a radius of 270 ft, the calculated cross 
^^^ ^^^ ..*2 sectionai area of the perched water body is LLU,VUU rt . 

a. Winter, T.C., 1980, "Uncertainties in Estimating the Water Balance of 
Lakes," Water Resources Bulletin, Vol. 17, No. 1, pp. 82-115. 
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The Thiem equation will be used to calculate the effect that infiltration 

from the perched water body may have on the aquifer. The Thiem equation is 

s = 2s - In-$? ” (4) 

where 

Q = flux into the aquifer 

T = aquifer transmissivity 

'0 = radius at which no influence from the flux is observed 

r . = radius over which the flux is applied. 

This .nnm.rh ass~gp. thzt the elt;re fisx to the amoifnr behaves 2s 5 "rv. ""..., "~"..". 

large-diameter injection well. Using the calculated infiltration rate of 

270,000 ft3/month and the calculated radius of the perched water body of 
270 ft$ and assuming that there is no fieasurabie impact on the water table at 

2,700 ft, and an aquifer transmissivity of 14,000 ft2/day,b*c the calculated 

rise in the water table beneath the perched water body would be about 0.2 ft. 
Accumino that rO is 2,700 ft is a Conservative assumption; ASSU~~~O a Smaller ~~---"'~~~a 
r0 will yield a smaller s in the Thiem equation. 

The Thiem calculations will be tested using the Neuman equation. The 

Neuman equation will be used because the aquifer is unconfined. The Neuman 

Equation is 

b. The transmissivity of 14,000 ft'/day is from USGS-24. It was used in 
lieu of the calculated transmissivity for the TSF-INJ (ANP-3) well because the 
aquifer test for this well was conducted in 1988, after it had been used for 
waste disposal for 33 years. During this time, particles of waste could have 
piugged many of the pores in the aquifer adjacent to the well, iocaliy 
reducing the aquifer transmissivity. Therefore, the calculated transmissivity 
from this test may not be representative of the undisturbed aquifer at TAN. 

c. Ackerman, D.J., 1991, "Transmissivity of the Snake River Plain Aquifer at 
the Idaho National Engineering Laboratory, Idaho," U.S. Geological Survey 
Water-Resources Investigations Report, 91-4058, pp. 35. 
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S= 
P wu,, ‘D) 

4%T 
(5) 

where 

4 = flux into the aquifer 

T = aquifer transmissivity 

W(u,,r/D) = well function selected from a table of values. 

Using the same values as above and assuming that the system would reach 

steady state in 30 days, the calculated rise in the water table beneath the 

perched water body should be about 0.2 ft. The Neuman and Thiem calculations 

produce similar values using somewhat different assumptions, suggesting that 

the calculated ground water rise is reasonable. 

Assuming that the distance to the point at which no effect can be measured 

is about 3,000 ft, the gradient associated with the edge of the groundwater 

mound would be about 1 X 10m4. The regional gradient at TAN is about 2 X 10m4. 

The addition of the groundwater mound could increase the gradient in the 

vicinity of the TSF-07 pond by about 50%. Therefore, infiltration from the 

pond may create mounding, which could impact groundwater flow paths in the 

vicinity of the pond; however, the impact will be small. In other words, the 

gradient will go from 1 ft per mile to 1.5 ft per mile, a relatively small 

increase compared to impacts from the production wells. Figure 2 shows the 

location of the TSF-07 pond in relation to the TCE plume. Note that the main 

body of the pond is up gradient from the TCE plume, and that pumping from the 

TAN water supply well has a much greater impact on the water table than the 

mound beneath the pond. 

In summary, a water balance was calculated to estimate the effects that 

infiltration from the TAN TSF-07 disposal pond might have on the aquifer 

potentiometric surface. The data and assumptions used in these caicuiations 

include flux into the ponds obtained from IWMIS, hydraulic conductivity data 

obtained from aquifer tests, pan evaporation data from NOAA, and assuming the 

pond and associated perched water body are in steady state. The caicuiated 
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infiltration rate is about 270,000 ft3/month (46 gal/minute) the calculated 

area of the perched water body is 220,000 ft', and the calculated rise in the 

water table beneath the perched water body was about 0.2 ft. Therefore, 

infiltration from the ponds could have a measurable effect on groundwater flow 

paths. However, pumping from the TAN area water supply wells will have a more 

pronounced effect on plume migration, but both appear to act together to 

change the flow path from the southeast to east-southeast. 

All equations used in these calculations can be found in any standard 

groundwater hydrology text. These calculations assumed homogeneous and 

isotropic media and steady-state conditions. Because of the fractured nature 

of the aquifer and fluctuations in water use at TAN, the actual impact to the 

system might be somewhat different than these calculations indicate. 
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May 1990 water table map for TAN 

0 loo0 2ooo 4ooo 6oal 
F-----i 1 4 I 

Figure 2. Map showing the location of the TSF-07 pond, the TCE plume, 
mnlanrlinn honwth the nnnd. and a TP.N water sunnlv well oumoina at 1,060 gpm. .,,"_.._ . ..= --..---.. -..- r _.._, -_rr." ..-.. r-..~r.~~- 
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ATTACHXENT 1, CALCULA'XONS 

Variable assignmanta 

area1 := 650.ft.60.ft 

area2 := 32O.ti.45.ft 

pet := 0.2986.; 

i :z i 
evaporation calcul&tions 

area := area1 +area2 

Qin - 2.83. lo5 *$ 

et := pet. .7 

et = 0.21 .$ 

area of pond 1 

area of pond 2 

pan evaporation, from NOAA 

Total flux into ponds for 1990, from 
IWMIS 

hvdraulic conductivity of aadiments -~. ~~- ~~~~ 
beneath TSF07 ponds, from aquifer test 
data 

varticai bydrauiic gradient 

monthly influx into ponds 

evaporation rate from ponds obtained by 
=--l.ri"" t-he most Commn~ pm. to la.49 -r.v-, ---3 
correction factor of 0.7 

ET := et *area total evaporation per month is obtained 
.J by multiplying the evaporation rate 

times the area 
ET- 1.12. IO4 .g 

calculation to determine flux into the ground water syetem 

Qgw := Qin - ET 

ft3 Qgw - 8.93. IO3 *rlr\r 
y-7 

flux into the ground water equals the 
total flux minus the volume lost to 
evaporation 
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calculations to determine the approximate size of the perched water body 

Qw' - 
pw-area ‘= K *I 

pw-area = 2.23, IO5 aft2 

rw := 
i 

pw-area 
P 

rw = 2.67. lo2 aft radius of parched water body 

ground water rise calculations using the Thiem equation 

aquifer ttansmieivity 

Q!w 
2-p-T 

= 0.23 *ft ground water rise beneath the TSF07 
pond using the Thiem equation 

ground water rise calculations using the Neuman equations 
.7 

rwL 

( 200*ftk2 
= 1.78 

t := 30.day 

ub := [ rw2 -0.01 J 
( 4eT.t) 

1 - = 2.37. lo3 
ub 

Wub := 4.91 

calculate r/D 

assume steady state will be reached 
in 30 days 

"well function" (W(ub,r/D)) picked 
from a table of valuie using the r/D 
and ub values 

ground water rise beneath the TSFO7 
pond using the Neuman equation 
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INTRODUCTION 

Nine wells in the Test Area North (TAN) have had one or more pumping 

tests conducted in them between 1953 and 1987. Table 1 lists the wells, 

dates, duration, pumping rate, Specific capacity and other pei;iinent :sta 

from these tests. Figure 1 shows the locations of wells in the TAN area. 

Five pumping tests were conducted in 1987. These tests were conducted by 

the USGS and the data was provided to iG&G, idaho, ins. fat; inteiepi*e;atfon 

as part of the RF1 of TAN. 

A number of pumping tests were conducted in the TAN area in the 

1950’s. These tests were conducted by the USGS and utilized higher 

discharge rates over longer periods of time than the 1987 tests. The 

i95O’s pumping tests were documented and published in several reports by 

the USGS. These reports summarize the calculated transmissivity and 

storativity values which were based on standard analytical solutions at 

the time. The NW field data and iE0S.i of the plOtted and interpreted 

time-drawdown plots are not given and, therefore, determining the accuracy 

of the calculated transmissivity and storativity values is difficult. 

This report provides an interpretation of the 1987 TAN pumping tests 

and summarizes the 1950’s pumping tests. The 1950’s tests of the TAN 
. . >. 2 . ^^..-^^C wells are a~scusseu in a number of USGS dv~uti~ls~lcs walbvII ,L=4V,, Nate, I.,..,+,, ,lOEO\ et 

al. (1959), Walker (1960) and Mundorff et al. (1964). 

The TAN facility is situated near the western margin of the Snake 

River Piain Aquifer. I,~- *~~-I.- n. tne Jnane nibei’ Plain AijuifCr is defined as a series 

of basalt flows and interlayered pyroclastic and sedimentary materials 

which underlie the Snake River Plain east of Bliss, Idaho (Mundorff, et. 

ai., i964j. The Snake River Plain Aquifer ex.efi& from Blf;; 2nd the 

Hagerman Valley on the west to Ashton and the Big Bend Ridge on the 

northeast. Its lateral boundaries are formed at the contacts of the 
---- __Y^ I..- aquifer with less permeable rocks near. the I~~~~LJIII> of the plain. fil,l.,.,,"h nm L"V".j" 
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,Figure 1. Map showing locations of Test Area North (TAN) wells 
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Table 1. Sumnary of pumping tests condwted at TAN, 1953-1967. 

INEL 
-- 

TAhl-1 
(ANP-1) 

TAN-2 
(ANP-2) 

TSF-1NJ 
(ANP-3) 
(TAN d&p.) 

AN&B 

FET-1 
(LOFT-I) 

FEll-2 

(LOFT-Z) 

FEY Disp. 

w-msp 

LP'IF disp. 

611-31E-14abl 

6N-3lE-13abl 

6N-31E-10x1 9/S-6/56 

6N-31E-14abl 

6N-31E-14abI 

6N-31E-llcdl 

iN-31E-12acdl 

6,N-32E-Zccl 

-: 

Date of Ourat il 
Test of tesl 

(hours: 

7113107 

- 

1” 
t0 
I 

3 

- 

Pumptn! 
rate 

lgpn) 

I,.735 

-- 

I..220 
I..010 

-- 

20 

-- 

450 

40 

11.735 

-- 

:I, 620 

-- 

643 

-- 

20 

-- 

615 

none --- 

12.3 140 

- 

17.9 100 

-t 

- 

4.3 149 

- 

2.4 6.3 

53.0’ 12 

?llz 

Penetra- 

below 
water 
(feet) 

139.2 

134 

61 

91 

91 

139.2 

256.9 

101 

100 

109 

-. 

,F 

I 

-i 

- 

static 
Depth water Caslnq and 

If well Level Perforation: 
Ifeet) (feet) (ft. IBLS) 

340 2ClI 16” , 2-340. , 
perf. 230-330 

345 211 16” * 5-345 
Perf. 23!5-355 

310 1919 12". 2-3'10: 
Perf. 1613-244 

26!3-305 

305 

305 

340 

461 

214 IO” . Z-3115. . 
perf. 21L-255 

2615-296 
214 

201 18” , 2-3,40. , 
Perf. 2313-330 

~ 

2S2 18”. 2-453; 
Perf. 20!3-446 

300 199 10”. Z-3,00: 
Perf. 175-295 

324 209 It” I II-,324. . 
Perf. 219-312 

315 206 lo”. Z-314; 
Perf. 167-314 



a single lava flow may not be a good aquifer, a series of flows may 

include several excellent water bearing zones. If the sequence of lava 
flows beneath the Snake River Plain east of 8liss is considered to 

Consitute a single aquifer, it Is one of the world's most productive 

(Mundorff, et al., 1964). The water wells in the TAN area penetrate the 
upper 100-200 feet of the Snake River Plain Aquifer. As anticipated, 

based upon the regional setting of TAN in the Snake River Plain Aquifer, 

most of the TAN wells have high transmissivity, although locally some of 

the wells have relatively lower transmissivity. 

ANALYTICAL METHODS 

The 1987 pumping test data were analyzed by two methods, Neuman 

(1975) type curve matching for an unconfined aquifer and the Cooper-Jacob 

straight-line method which assumes the aquifer is confined. Detailed 

discussions of both of these methods are given by Fetter (1980). The 

Neuman type curves takes into account gravity drainage in an unconfined 

aquifer and may be more appropriate in the unconfined Snake River Plain 

Aquifer than the Cooper-Jacob (1946) method. The Cooper-Jacob method is 

based on a confined analytical model (Theis, 1935) and was used to provide 

a double-check of the Neuman method. Although, in a majority of the 

cases, the drawdown-recovery curves did not show gravity drainage and a 

good correlation was found between the two methods. The analytical 

methods that took into account gravity drainage were not available at the 

time of the interpretation of the 1950's tests, therefore, the tests were 

interpreted using the Theis (1935) solution and the Copper-Jacob (1946) 

methods. Not addressing the effects of gravity drainage may have caused 

an over estimation of the transmissivity and storativity values for the 

1950's tests. 

A well pumping in a water table aquifer extracts water by two 

mechanisms. Initially, the decline in pressure in the aquifer yields 

water due to elastic storage (storativity). The declining water table 

also yields water as it drains under gravity from the aquifer (specific 

yield) (Fetter, 1980). For the initial pumping phase, the water level 

decline follows the Theis curve. As time progresses, the rate of drawdown 
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decreases as water drains under gravity from the aquifer. At longer 

periods of time, when the effects of gravity drainage become smaller, the 

data again follow the Theis curve. 

None of the pumping tests conducted at TAN (or probably anywhere else 

in the Snake River Plain Aquifer) were conducted long enough to observe 

the drawdown data following along the Theis curve during the final phase 

of the tests. The final phase of a pumping test in an unconfined aquifer 

is critical for defining that, indeed, the aquifer is unconfined and its 

behavior is controlled by gravity drainage. There are a number of 

factors which can cause an aquifer to respond as if it were receiving 

water from gravity drainage. It is estimated that the duration of a 

pumping test at TAN would need to be at least 20-30 days at 1000 gpm in 

order to observe the complete Neuman type curve response (Mann, 1989, 

personal comm.). A pumping test of this magnitude at TAN would be 

impractical, expensive and would create interpretation problems of its 

own. 

In many cases the plotted data in Appendix A of this report and the 

earlier USGS reports initially follow along the Theis curve and as time 

progresses begin to fall to the right of the Theis curve. This is the 

response which the Neuman analytical method predicts. Falling to the 

right of the Theis curve indicates less Urawdown than predicted for a 

confined aquifer. There are a number of other factors besides gravity 

drainage which could cause the data to fall to the right of the Theis 

curve. These factors include but are not limited to the following: 

1. Recharge 

2. Constant head boundary 

3. The effects of partial penetration and variations in horizontal 

and vertical K 

4. Gravity drainage 

5.~ Changes in barometric pressure 

6. Returns from pumpage 

7. Leakage across confining layers 

8. Nearby wells stop pumping 

Factors one and two can be eliminated in the TAN area because prior 

to and during the pumping tests the annual precipitation rates were low 
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recharge from constant head boundaries such as rivers and playa lakes was 

not a possibility. Partial penetration, gravity drainage and leakage 

across confining layers have similar effects on the drawdown versus time 

plots. Because several geometric factors are unknown for the aquifer at 

TAN the effects of partial penetration cannot be corrected (see Appendix 

A). Gravity drainage and leaky confining layers have very similar type 

curve solutions for the early and middle time data. Substituting one 

curve for the other would not introduce as much error as matching, in 

either case, to the Theis soiution. For the TAN weiis the ieaky confining 

layers would have to be below the depth of the wells since most of the 

wells are open from the water table to total depth (the contributions from 
_ _ ._ _ _ a lower source shouid be minimal). 

Barometric corrections can cause the data to fall either to the right 
or the left of the Theis curve Aonondinn on the rhanne in atmnznheric --r--'- ...a _..-..=- _.~~~..r~~~~ 

pressure. Barometric corrections were made to the 1950's data. 

Barometric corrections could not be made to the 1987 data because the 

barometric pressures were not recorded. However, due to the very short 

durations of the tests (less than 4 hours) barometric fluctuations on the 

1987 test should be small. Returns from pumpage should not affect the 

1987 and the 1950's test data because it would probably take more than 3 
days for water to percolate through the overlying sediments to the 

aquifer. Nearby wells shutting on and off during the tests may have been 

a factor in the tests, however, because of the high transmissivities and 

the long distances between wells (hundreds of feet) the effects from this 

factor would be very small. The above section was summarized from a 

discussion with USGS personnel (Akerman and Mann, 1989). 

It appears that gravity drainage of the dewatered unconfined Snake 

River Plain Aquifer is the major contributing factor causing the time 
_ __ 

drawdown plots to tall to the right of the Theis curve. The use of the 

Neuman analytical solution for an unconfined aquifer is, therefore, the 

most appropriate technique for analyzing the TAN data which falls to the 
~~:-LI .e *L_ IL-Z_ __.._..^ r,ynl. VT l.r,r ,,,t!,> C",~YC. 
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The analytical methods used for analyzing the pumping tests assume 
that the test well is fully penetrating. This is not true for any of the 
tested wells, in fact, there is some question as to the thickness of the 
Snake River Plain Aquifer at the INEL. The effects of partial penetration 
on drawdown in an unconfined aquifer are discussed in Appendix A. It 

should be noted that the calculated aquifer parameters are approximate 

values because of the effects of partial penetration. 

The calculations for the 1987 pumping tests are presented in Appendix 
A. TL.^ ^.I,..,, .+,.,a Ill= Laac"IaLsu cAq"IIcI --mmiCo.. parameters are tabulated in Table 2. Drawdown 

data for the 1987 aquifer tests are given in Appendix B. Figures AlA-A8A 

are the log-log plots of the data showing the best fit for the Neuman type 

curves and Fioures A!&A88 are the semi-log plots for the Cooper-Jacob .=__ __ 
straight-line method. Table 2 shows the results for both the Neuman and 

Cooper-Jacob methods and an average transmissivity and storativity for the 

1987 tests. The averages are based upon the data from Figures AIA-A8A and 

AIB-ABB. 

Several factors effect the quality and reliability of pumping tests. 

These factors can alter the shape of the time drawdown plots and because 

the plots are matched to type curves it is important to recognize where 

the correlation to the type curves could adversely affect the calculated 

aquifer parameters. Generally, there ares several types of errors which 

can be introduced into the data during testing. Criteria were developed 

to eliminate data which might introduce an error into the type curve 

matching technique. Table 3 lists the criteria used to eiiminate data 

from the tabulated values in Table 2 (see footnote in Table 2). 
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Table 3. Criteria for eliminating pumping test data from 

Transmissivity and Storativity Calculations* 

1. The number of water level readings must be adequate to record the 

time-drawdown plots for type curve matching. 

2. The range of the recorded drawdown data must be large enough to be 
distinguishable from changes caused by fluctuations in atmospheric 

a.. . conoltlons or other background water level changes. These 

fluctuations can be several tenths of a foot over a 24 hour period in 

the Snake River Plain Aquifer (Nate, et al., 1959). Barometric 
^_^__.. _^ . . . . . "^C r^r^rrl^.( A..."i",. +C.,. +rrr+r +t..-...eC,.ra ,.,.rrnr+innc p,e>>u, 5 naa ,l"L ,SL","S" UYI ,,y *,,5 bC.TC.3, *,,c, FI,", c .."I I cb*IYIIa 

using a barometric efficiency factor cannot be made, but because of 

the short durations of the 1987 tests, in most cases this correction 

would be minimal * The short term tests (less than four hours) must ..--- 
have drawdown of at least 0.1 feet to be distinguishable from water 
level fluctuations caused by changes in weather conditions. 

3. Generally, a good correlation between the drawdown and recovery data 

indicates a reliable set of data were collected. However, changes in 

barometric pressure, fracture flow,phenomenon and other factors can 

cause the plots of the drawdown and recovery data not to match. 
Therefore, where mismatches occur and there is not an apparent 

explanation, the drawdown data was utilized. 

4. If the plotted data show evidence of gravity drainage (i.e. the 

plotted data follow the Neuman type curves), then the Cooper-Jacob 

method would be inappropriate for calculating T and S. 

-. 
* Ine data used for caicuiating the average T and S vaiues in Tabie 2 are 

discussed in the sections on each test. 
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The following is a well-by-well discussion of the pumping tests 

conducted at TAN during 1987: 

(1) Pumoina Test of TAN-I (11-17-87) 

The locations of the wells in the Techntcai Support faciiity 

(TSF) are given in Figure 2. For the pumping well, TAN-l, the 

drawdown data follow the Theis curve with the exception of two points 
in the first minute of pumping (Figure AlA). These tiio points 

probably represent extremely high pumping rates at the beginning of 

the test while the empty pump casing is filled with water. The 
"^-^..^...I A.+,. .I.,.,., 1 sc"rslJ uacII all"" some c. IULI,bL "I cx..iAonrg nC nr,wi+v ,irtlin.ncl 3' .A., .,, . . ".,.lz-. aat2 n1nttiTi r.----- 

on the semi-log graph follow (Figure AlB) a relatively straight line 
indicating that gravity drainage had a very minor effect on drawdown 
for this well. The calculations for both methods showed very good 

agreement (Table 2). 

Observation Well TAN-2 

This well showed strong evidence for gravity drainage and 

therefore, only the Neuman method was used for estimating the T and S 

(Table 2). The early time drawdown for this observation well was not 

recorded (Appendix B). 

Observation Well USGS-24 

The,drawdown data fit best to the Theis (A) curve (indicating no 

gravity drainage) and this was confirmed by the Cooper-Zacob meihod 

(Figures A3A and A3B). The recovery data showed some evidence for 

gravity drainage, however, the lack of data points makes the 
interpretation difficuit. iii addition the rel.L,"s,J 2111cl1 I "I .a"YYI.II -*:*.,.1.* r"..,l A..~,.,,4n,.,n 

(0.24 feet) may have been effected by ihanges in barometric pressure 

(these data were not provided). Only the drawdown data were used for 

estimating the T and S. 
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Figure 2. Location of the wells in the Techwical Support Facility 



(2) Pumoina Test of TAN-2 (11-18-87) 

The pumping well shows a very good correlation between drawdown 

and recovery and some slight evidence for gravity drainage (Figures 
A4A and A4B). On the semi-log plot (Figure A4B) there is a second 
slope that develops after about 50 minutes. Calculations indicate 
that this' is not a well bore storage effect and is probably caused by 

gravity drainage of the basalts and interbeds of the aquifer. The 
estimated T in Table 2 is the average of both the drawdown and 

recovery data., 

Observation Well USGS-24 

The drawdown data for this observation well follows the Theis 

(A) curve. 
__. 

Fitting the recovery data to a type curve is alttlcuit 

because only three data points were collected (Figure A5B). The 
drawdown data provided a, reasonable fit for both the Neuman and 
Cooper+Jacob methods, A IL I -- anu we I ,411d ,S fOi- this .niell are estimated 

based on the average values from,both ,methods using only the drawdown 
dat,a. 

Observation Well TAN-l 

The drawdown and the recovery data for this test show good 

consistency between the drawdown and the recovery phase. There is no 
evidence for gravity drainage (i.e., the data followed the Theis 

curve and followed a Cooper-Jacob straight line plot). Both methods 

were averaged for estimating T and S. 

(3) Pumoina Test of IET-DISP (7-09-87) 

The ,pumping tests of the IET-DISP and the TSF-INJ well both 

utilized a discharge rate of approximately 20 gpm. Clearly the 

transmissivities of these two wells is orders of magnitude less than 

those of TAN-l and TAN-2 where a discharge of over 1000 gpm was 

sustained during the previously discussed pumping tests. The 
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recovery data for the pumping test ,of IET-DISP shows the best match 
(Finwe A7AI with the t.vne cm-VPS. .3-- - ..-..I -.ar- --. ---- The notes fAnnendix RI indicate 

that the discharge rate decreased at about 10 minutes and was 

adjusted to compensate. This explains the sudden increase in 

drawdown at about 15 minutes. The log-log plots follow the Neuman 

type curves suggesting a delayed response due to gravity drainage. 

The semilog plot shows two apparent straight line slopes 

characteristic of well bore storage effects (Driscoll, 1986). 

Calculations are presented in Appendix A which show that the initial 

slope is the casing storage effect and the second slope is the 

response of the aquifer (Figure A7B). The estimated T for this well 

is based on the second slope using the Cooper-Jacob straight-line 

method (Table 2) using both the drawdown and recovery data. 

(4) Puinoina Test of TSF-INJ Well (7-13-87 and 7-11-87) 

The largest drawdown for any of,the TAN pumping tests was 
recorded in ihis weii. ..- ---~-..- -7-I -L-..- I..- - ___.__ -. ,ne Smll ,oy Pl"L snuws LW" dppd'e!lL 

straight-line slopes characteristic of well bore storage effects 

(Driscoll, 1986). Calculations are presented in Appendix A which 
.-hnu +h.+ +I?- initial clnnn ic the r.rinn c+nrano effect 2nd the a,,"" *,,.A* *,,r IIIIIIIVI '"vy.. I.z *.a.. .,,.I aa.3 .."_. ">.. 

second slope is the response of the aquifer (Figure A88). The 

estimated T for this well is based on the second slope using the 
Cooper-Jacob straight-line method'(Table ,2). 

(5), Pumpina Test of ANP-6 (7-10-87) 

The pumping test conducted in ANP-6 utilized a discharge rate of 

40.27 gpm over 180 min. This was insufficient to cause any 

measurable drawdown. To calculate an approximate transmissivity, 

conventional solutions could not be used because no drawdown occurred 

in the borehole. A steady-state approximation method was used, but 

provides only a minimum value for transmissivity. A minimum 

transmissivity of 3114 ft2/day (88.2 m2/d) was calculated. 
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A discussion of Logan's method for steady-state flow is given in 
llnnnnA(iv r ")J~'ch,"'A . . Based on a saturated thickness of 99.01 feet, the minimum K 
for well ANP-6 is 31.5 ft/day. These calculated values are minimums 
only. The actual T and K could be much higher. 

1950's PUMPING TESTS 

The USGS conducted the pumping tests during the 1950's as part of a 

regional groundwater study done on the Snake River Plain Aquifer. The 

results from the pumping tests are given in reports by Walton (1958), 

Walker (1960), Nate, Stewart, Walton and others (1959), Walton and Stewart 

(1959) and Mundorff, Crosthwaite and Kilburn (1964). These reports 

provide summaries of calculated aquifer properties which are given in 

Table 4. 

During the 1950's when the data were interpreted, solutions for the 
analysis of pumping tests in unconfined aquifers taking into account the 

effects of deiayed yieid from gravity drainage had not been derived. 

Using the Theis curve in an unconfined aquifer tends to over estimate the 

transmissivity. This is dependent upon the length of the test and the 
-..---^^ Conii~ibUtiOnS t0 puwp.ayc from the ~~~~~~~ rY vvn *IYI.d rlrru.+l...nrl nnr+is.nr of the ,m,iCar "7". -. . It 

appears that,the 1950's pumping test calculations are within an order of 

magnitude of the 1987 calculations and may ,be higher by a factor of 3-7 

(Table 4). 

COMPARISON OF THE 1950's TESTS AND THE 1987 TESTS 

Comparing the 1950's pumping tests to the i987 pumping tests shows 

severalldiscrepancies, however, a ,careful examination of these data show 

the, results of the tests are consistent with the complex nature of the 

Snake River Plain Aquifer. The most obvious difference between the two is 

that the 1987 data estimated the aquifer storativity on the order.of 

10T3 while the 1987 the 1950's tests put the storativity on the order of 
10-2 . The difference in storativity is related to the duration of the 

tests. The 1950's tests averaged about 20 hours while the 1987 tests 

averaged about ,2 hours. Water Table aquifers initially provide water to 
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Table 4. Transmissivities ,and storativities for wells in the TAN area, 
1953-196i7. 

&-- K 
INEL USGS Date of Test 

Transmissivity 
gpd/ft x 10 

Transmissivity 
ft /day Starativity ft/'day 

TAN-l 6N-31E-13acl 4/16-l!7/53 0.01 
(ANP-1) 4/30/53 i.t 0.01 

7/20-23/53 6:4 0.01 
11/17/87 2.5 best 33,000 0.005 2210 

TAN-2 6N-31E-13ac2 11/22-23/53 6.4 0.01 
(ANP-2) 11/W/87 0.9 best 12,000 0.004 li!O 

ANP-6 6N-31E-10acl g/5-6/56 60 best 800,000 --- 
6N-31E-10acl 7/10/87 to.2 ___ 2,600 

TSF-INJ 6N-31E-13abl 7/U/87 0.03 400 --- 
(ANP-3) 
(TAN DI!SP) 

5 

IET-DISIP 6N-31E-12acdl 7/0!)/87 0.4 5,400 ___ fi4 

FET-1 6N-31E-14abl 4/17-:L8/58 3.3 44,000 --- 130 
(LOFT-l) 

FET-2 6N-31E-14ab2 5/03/58 6.8 91,000 ___ 280 
(LOFT-2) 

FET-disip. 6N-31E-llcdl 11/23-24/57 5.0 - 10 100,000 ___ 990 

LPTF 6N-32E-22ccl 6/20-21/57 0.3 4,000 --- 37 

USGS 24 6N-31E-13DBl ob. well 21 not acuurate 280,000 0.003 2,700 



pumping from elastic storage (as does a confined aquifer). The declining 
water table also yields water as it drains under gravity from the 

fractured basalts and sedimentary interbeds. Therefore, for longer test 
periods, the storativity value is higher. 

Twenty five years ago, Mundorff et al. (1964) noticed the same 

difference in coefficients of storage calculated from short and long term 
pumping tests. The authors write: 

"When pumping starts, the aquifer acts as an artesian aquifer; the 
cone around the well expands rapidly. Coefficients determined from data 
obtained during the early part of the test apply to only the most 

productive water-yield zone in the aquifer. Within a few minutes, the 

head on the water-yielding zone in the aquifer declines sufficiently over 
a lama nnnln+ area that downward leakage from the overlying basalt I ". a.. -s...",.. _. -- 

supplies a measurable part of the water pumped; At the end of 1 day's 

pumping, leakage supplies a significant part of the pumpage; after several 
days' pumping, practically all the water is obtained by downward leakage 

from the overlying basalt. The aquifer then acts as a water-table 

aquifer, and the coefficient of storage is the average coefficient of the 

material dewatered. Because of the continually increasing coefficient of 

storage during the early part of the pumping, the rate of change in water 

level will be less than it would have been had the coefficient of storage 
remained constant. For this reason, the early drawdown data in the 

computations give coefficients of transmissibility that are too high." 

Clearly, the longer tests provide a more accurate measure of the 

aquifers coefficient of storage. 

The second apparent discrepancy in the data occurs between the T 
caicuiated from the pumped weii and the i caicuiated in the observation 

wells. Table 2 shows that TAN-l has an estimated T of 2.5~10' gpm/ft 

when used as the pumping well. The same well when used as an observation 
-..--ir^ well during the pu,,qJ ,,,y test u, -C T,Q-? had 2 r~lr~~l~tori traqrmiccivitv of C" I ..Y I . ..*- ". ". -.... --. . _, 

2.3~10~ gpm/ft, an order of magnitude higher. This may be attributed to 
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large amounts of water coming out of storage between the pumping well and 

the'observation ,well (Akerman, 1989, personal comm.). The observation 

wells consistently overestimated the transmissivity because of,the effects 

of watercoming from storage. This problem is amplified because of the 
large horizontal offsets (hundreds of feet) between the pumping well and 

the observation wells. 

A comparison of the transmissivity values for the two periods of 
testing show that the 1950’s vaiues range from 3 to 7 times the vaiues 

calculated from the 1987 tests. As discussed in previous sections of this 
report, this may be attributed to the interpretation method used for the 

analysis of the i95G1s data. The USe Of the TheiS CUrVe for aiiaiyZii?Cj 

pumping test data from a well in an unconfined aquifer showing the effects 

of gravity drainage will tend to overestimate the transmissivity for that 
aqu+ fey Ib.iC-,-"I, \"' I.,C"I I, 1986). Therefore in Tabie A ., thn values listed as bejt_ . ..* 
are from interpretations considerjng the effects of gravity drainage. 

Table 2 shows that the transmissivities of wells tested in the 1987 

pumping tests ranged over 4 orders of magnitude. The two lowest values of 

4.0 x IO4 and 3.0 x lo3 gpd/ft were calculated from two injection 
wells, IET-DISP and TSF-INJ, respectively. It is possible that these two 
wells were damaged during the injection process by clogging of the 

perforations and the formation by suspended particles in the injections 

water or chemical precipitates were deposited in the region of the open 

portion of the wells. Therefore, these low values may not represent the 

transmissivity of the aquifer. On the high end of the values in Table 2 

are the transmissivities from the observation wells. Because of the 

effects of high storativity (discussed above) these values are abnormally 

high. If the highest and lowest values can be eliminated because they do 

not represent the aquifer transmirsivities, the remaining values from 
TAN-l ,and,TAN-2 are 2.5~10~ and 9x104, respectiveiy (Tabie 2j. This 

is in good agreement, considering the different analytical methods with 
the 1950’s USGS calculations of 5~10~ and 6.4~10~. 

Table 1 shows that for wells TAN-l and TAN-2 there was an increase in 

specific capacity from the 1950's to 1987. Apparently the 30 odd years of 
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production pumping has removed fine sediments and drilling mudcake from 

around the casing and filter pack and increased the specific capacity of 
the wells. Additionally, during an injection test of TAN-Z (pumping from 

TAN-l) the observer noticed a sudden decrease in head (back pressure) and 
this was attributed to the dislodging of a large piece of mud cake from 

the well bore wall (USGS Field Notes, 1953). This apparently caused an 

increase in the specific capacity of the well. 

Considering the heterogeneities of the Snake River Piain Aquifer, the 

variations in the duration, pumping rates, and methods of data 

interpretation, it is remarkable that there is such good agreement between 
ihe igjO1j tests and those tests COndUCted in ig87. 

CONCLUSIONS 

,Based on pumping tests conducted in 9 wells at TAN (Table 4) the 

average ,transmissivity is 8.5x105 gpd/ft. ,Without reanalyzing the 1950's 

tests and,understandina that the methods used in the 1950's over estimated - 
the transmissivity in an unconfined aquifer, a reasonable approximation of 

the transmissivity of the wells at TAN is about lo5 gpd/ft (13,000 

ft2day). Since none of the wells are fully penetrating, the 

transmissivity of the Snake River Plain Aquifer at TAN is probably 
higher. In comparison, an average,transmissivity for the Snake River 

Plain Aquifer, as a whole, ,is about 5~10~ gpd/ft (based upon 33 wells, 

Mundorff et al., 1964). 

: The short term tests showed the storativity to be about 10e3 while 

the long terms indicate that the storativity of the aquifer at IAN is 

about IOs2. 

I* -_- ^_.__ Because of the good correiation among the anaiyzed data, IL appears> 

that further pumping tests in the TAN area wells are not necessary. 

However, each well is unique in the Snake River Plain Aquifer because of 
the aquifer heterggeneitjej 2nd therefore, it ij recommended that new 

wells be tested to determine the well transmissivity. 
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APPENDIX A 

1987 PUMPING TEST CALCULATIONS OF AQUIFER PARAMETERS: 
NEUMAN AND COOPER-JACOB METHODS 
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Partial Penetration 

At TAN, production and observation wells do not completely penetrate 
the Snake River Plain aquifer. The partial penetration of a pumping well 
influences the distribution of head in its vicinity, affecting the 

drawdown in nearby observation wells. 
.__-_. 

Uaiton (1962) and Neuman (Iy/sj 

provide detailed discussions on the effects of partial penetration. 
According to Hantush (1961), the effects of partial penetration closely 

resemble the effects of leakage through a confining bed, the effects of a 

recharge boundary, the effects of a sloping water table aquifer, and the 

effects of an aquifer of non-uniform thickness. Butler (1957) and Neuman 
1107"\ ni.rn +wn en,,D+innr \'A,-, 3°C C"" C.+'Y.'"".J wm,,,, ho-0 the approxjmate distance 'pp from the 

pumped well beyond which the effects of partial penetration are 

negligible. 

'PP - 2m vKh/Kv (Butler, 1957) 

'pp - m/vKV/Kh (Neuman, 1974) 

where: 

m = saturated thickness of aquifer, in ft 

Kh = horizontal permeability 

Kv = vertical permeability 

Because of the inhomogeneous and isotropic nature of the basalts at 

the INEL, the ratio of the horizontal to vertical permeability for the 

Snake River Plain Aquifer varies from one location to another. Aj a gufde 

to possible ratios, values obtained from cores and in situ tests (U.S. 

Atomic Energy Commission, 1969) indicate the ratio might vary from 4 to 

70. Ti... ,115 aal,", SbSLJ *IIIbnIIFaa "I *,,r .,*I..,.* Ri?er Plain r.+l.-.+-A +t.irlrn,,rr nf thn C",.‘O dnllifnr is not ,,y....-. 

easily determined because of the expense of drilling deep wells and the 
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nature of the interbedded and interlayered basalt flows which make 

locating the lower most permeable zone difficult. For the purposes of 

these calculations a saturated thickness of 250 feet was assumed. 

By the Butler equation rrp ranges from 1000 ft to 4200 ft, and for 
the Neuman equation it ranges from 500 ft to 2100 ft. The horizontal 

offsets (radial distances) for the pumping tests in the TAN area range 
from 590 ft to 990 ft. It appears that for most of the pumping tests, it 
is iikeiy that partiai penetration effected the measured drawdowns. 

In some cases distance-drawdown data can be corrected for partial 
~*~~~I. penerrarron according to methods described by Siutler (I:::) or Neuman 

(1975). However, these corrections cannot be made unless the aquifer 
parameters are well defined, including the ratio of the horizontal to 
.ror+ i r .&I .,-al permeability and the thickness of the saturated aquifer; Because 

of the difficulties and uncertainties involved with determining these 

aquifer parameters, the collected pumping test data will be interpreted 

using standard methods. Correcting for the effects of partial penetration 

with incomplete or assumed geometric factors might introduce more error 

into the analysis than original effects of partial penetration. 
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Figure AlA 
TAN-l PUMPING TEST 

Neuman-Type Curve Method 

Q = 1,050 gpm 
= 2.02 x lo5 ft3/day 

TAN-l PUMPED WELL 

w (u,, r) = 1.0 
l/I-IA = 104 

ho - h = 0.43 feet 
t = 2.5 minutes 

T = (2.02 x lo5 ft3/day) (1.0) = 3.74 x lo4 ft2/day (280,000 gpd/ft) 

4n (0.43 ft) 

RECOVERY 

w (u,, r) = 1.0 
l/uA = lo4 
ho-h- 0.96 feet 

t- 9 min 

4x (0.96 ft) 
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Figure AlB 
TAN-! PIIMPING TEST 

Jacob Straight-Line Method 

q = 1,050 gpm 

= 2.02 x IO5 ft3/day 

TAN-I PUMPED WELL 

DRAWDOWN 

A (ho-h) = 0.99 feet 
to = 0.21 min = 1.46 x IO-4 days 

T = 0.183Q = 0.183 (2.02 x IO5 ft3/day) = 3.7 x lo4 ft2/day (280,000 gpd/ft) 

A (ho-h) 0.99 ft 

RECOVERY 

A (ho-h) = 0,92 feet 

to = (off graph) 

T = 0.1839 = 0.183 (2.02 x IO5 ft3/day) = 4.0 x IO4 ft3/day (300,000 gpd/ft) 

A (ho-h) 0.92 ft 
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Figure AZA 

TAN-I PUMPING TEST 

Neuman-Type Curve Method . 

OBSERVATION WELL TAN-2 

r = 590 feet 

w (u,, r) = 1.0 
l/UA = 1.0 

ho - h = 1.3 feet 

t = 3i minutes = u.uzl5 days 

T = (2.02 x IO5 ft3/day) (1.0) = 1.20 x IO4 ft2/day (90,000 gpd/ft) 

4n (1.3 ft) 

S- 4TtUA = 4 (1.2 x IO4 ft2/day) (0.0215 days) (1.0) = 3.1 x,10e3 

2 r (590)2 

w (u,, r) = 1.0 
1111~ - 1 n ‘,“A - A.” 
ho - h = 0.60 feet 

t = 22 min = 0.015 days 

T = (2.02 x lo5 ft3/day) (1.0) = 2.70 x lo4 ft2/day (202,000 gpd/ft) 

4r (0.60 ft) 

S = 4 (2.7 x 104 ft2/day) (0.015 days) (1.0) = 4.7 x lo-3 

(590)2 
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Figure A2B 
TAN-I PUMPING TEST 

Jacob Straight-Line Method 

OBSERVATION WELL TAN-2 

r = 590 feet 

A (ho-h) = 0.152 feet 
to = 2.8 min = 1.94 x 10m3 days 

i _ .___ 
- 0.183u = O.i83 (2.02 x iC+ ft?jdayj = 2.4 x iO5 ft’jday (i,~OO,OOo gpdjftj 

A (ho-h) 0.152 ft 

S = 2.25 T to = 2.25 (2.4 x lo5 ft2/day) (1.94 x 10m3 day) = 3.0 x 10e3 

r2 (590 ft)2 

RECOVERY 

A (ho-h) = 0.106 feet 

to = 4.1 min = 2.85 x 10m3 

T = O.lB3Q = 0.183 (2.02 x lo5 ft3/dayj = 3.5 x 16 ft2jday (2,600,OOO gpd/ftj 

A (ho-h) 0.106 ft 

s ax 2-25 T to = 2;25 (3,5 x IO5 ft2!dayj (2.85 X 10e3 day) = 6.4 X 10m3 

r2 (590 ft)2 
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OBSERVATION WELL USGS 24 

r = 990 feet 

DRAWDOWN 

Figure A3A 
TAN-l PUMPING TEST 

Neuman-Type Curve Method 

I, III n, 
w \uA, it = i.0 

i/uA = 1.0 
ho - h = 0.11 feet 
+ - 12 minnm+nc m O.OOg days " - a., ,,,,,I""-., 

T = (2.02 x lo5 ft3/day) (1.0) = 1.50 x lo5 ft2/day (I,lOO,OOO gpd/ft) 

4n (ir.ii fij 

.t? = 4TtUA = 4 (1.5 x lo5 ft'/day) (0.009 days) (1.0) = 5.4 x 10e3 

r2 (990)2 

RECOVERY 

w (U,, r) = 1.0 

l/q& = 1.0 

ho - h = 0.044 feet 

t = 4.3 min = 3.0 x 10e3 days 

T = (2.02 x lo5 ft3/day) (1.0) = 3.70 x lo5 ft'/day (2,800,OOO gpd/ft) 
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Figure A3B 
TAN-l PUMPING TEST 

Jacob Straight-Line Method 

OBSERVATION WELL USGS 24 

r = 990 feet 

DRAWDOWN 

A (ho-h; = O.liO feet 

to = 10.1 min = 7.01 x 10v3 days 

T - 0.1np - 0.133 (7 n7 Y in5 ft3/hv\ = 2-i w 105 \ - . _ - _. - - - , - _, , ft2/day !1,600,000 gpd/ft) 

A (ho-h) 0.17 ft 

S = 2.25 (2.1 x lo5 ft2/day) (7.01 x lOa day) = 3.4 x 10e3 

(990 ft)2 

RECOVERY 

inconsistent data. 
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TAN-Z PUMPED WELL 

Figure A4A 
TAN-Z PUMPING TEST 

Neuman-Type Curve Method 

Q = 1,010 gpm 
= 1.94 x IO5 ft3/day 

DRAWDOWN AND RECOVERY 

'"A' " - I." 
l/uA = lo4 

ho - h = 1.3 feet 
t - 21 minutes = 1;46 x 10-2 days 

T = (1.94 x lo5 ft3/day) (1.0) = 1.2 x lo4 ft2/day (90,000 gpd/ft) 

A-17 
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Figure A4B 
TAN-2 PUMPING TEST 

Jacob Straight-Line Method 

Q - 1,010 gpm 

= 1.94 x lo5 ft3/day 

TAN-2 PUMPED WELL 

DRAWDOWN Slope No. 1 

A (ho-h) = 0.55 feet 

to = N/A 

,” 
‘, 

T = 0.1839 = 0.183 (1.94 x lo5 ft3/day) = 6.4 x lo4 ft2/day {480,00O,gpd/ft) 

A (ho-h) 0.55 ft 

RECOVERY 

A (ho-h) = 0.40 feet 

to = N/A 

T - 0.183Q = 0.183 (1.94 x 105 ft3/day) = 8.8 x 104 ft2/day (660,000 gpd/ft) 

A (ho-h) 0.40 ft 

DRAWDOWN AND RECOVERY Slope No. 2 

A (ho-hj = 0.20 feet 

T = 0.183Q = 0.183 (1.94 x lo5 ft3/day) = 1.8 x lo5 ft2/day (1,300,OOO gpd/ft) 

A (ho-h) 0.20 ft 





Figure A5A 

TAN-2 PUMPING TEST 
Neuman-Type Curve Method 

: 

OBSERVATION WELL USGS 24 

r - 920 feet 

I# ,I, I ,“A, rj f 10 

l/uA - 10.0 
ho - h = 0.43 feet 
t = 11 minutes = 7.64 x 10-3 days 

T = (1.94 x lo5 ft3/day) (10) = 3.50 x lo5 ft2/day (2,600,OOO gpd/ft) 

49i (0.43 ftj 

s- 4 (3.5 x lo5 ft2/day) (7.64 x 10e3 days) (10) = 1.3 x 10m3 

(92$ 

RECOVERY 

w (u,, r) = 10 
VJA = 1.0 

ho - h = 2.10 feet 

t = 85 min = 5.9 x 10e2 days 

T = (1.94 x lo5 ft3/day) (10) = 7.40 x 104 ft2/day (550,000 gpd/ft) 

4n (2.10 ft) 

sz 1 ,71.,rn =t \,.-t A 1" 4 c+2&!,..\ IL ,"OJ, (5.9 x 10-2 days) (1.0) I 2.0 ): IO-' 

(920)2 

R-21 
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Figure A5B 
TAN-2 PUMPING TEST 

Jacob Straight-Line Method 

0m 

r = 920 feet 

A (ho-hj = O.iii feet 

to a 3.4 min = 2.36 x 10e3 days 

T = n 1Q2n - “.A”“‘( - 0.!83 (i.94 X i05 ft3/dayj = 2.0 x 105 .ft2/~," f7~7nn3.nnn q nd/ft~ - , --, \-,---,--- =r-, -, 

A (ho-h) 0.121 ft 

S = 2.25 T to p 2.25 (2.9 x lo5 ft2/day) (2.36 x 10T3 day) = 1.82 x 10s3 

r2 (920 ft)2 

RECOVERY 

A (ho-hi’- O.i35 feet 

to = 28 min = 1.94 x 1O-2 

T- O.i83Q - 0.183 (l.gS X lo5 S+3/~~.r\ IL ,ua,, = 2.6 x I” In5 ft2/day (i,gOO,OOO ""~/ft\ ,r-l . "I 

A (ho-h) 0.135 ft 

S = 2.25 T to = 2.25 (2.6 x lo5 ft2/day) (1.94 x 10v2 day) = 1.35 x 10v2 

r2 (920 ft)2 

h-23 
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Figure A6A 

TAN-Z PUMPING TEST 

Neuman-Type Curve Method 

OBSERVATION WELL TAN-I 

r = 590 feet 

w (u,, rj = i.0 
l/uA - 1.0 
ho - h = 0.051 feet 

T = (1.94 x lo5 ft3/day) (1.0) = 3.03 x IO5 ft*/day (2,300,OOO gpd/ft) 

457 (0.w ftj 
S = 4 (3.03 x lo5 ft*/day) (1.53 x 10m3 days) (1.0) = 5.3 x 10e3 

(59Oj2 

,fi-25 
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Figure A69 
TAN-2 PUMPING TEST 

Jacob Straight-Line Method 

OBSERVATION WELL, 

r = 590 feet 

DRAWDOWN AND RECOVERY 

A (X0-hj - 0.123 feet 

to = 3.4 min = 2.36 x 10m3 days 

T I n~1ARl-l L - . _ - - ,. 0,193 (I194 105 ft3/dn"l .- I --.I = 2;g X i05 ft2/day (*,*OO,OOO god/ft) 

A (ho-h) 0.123 ft 

S = 2.25 T to = 2.25 (2.9 x lo5 ft*/daj) (2.36 x 10e3 day) '= 4.4 x 10d3 

r2 (590 ft)* 

R-27 





IET-DISP PUMPED WELL 

Figure A7A 

IET-DISP PUMPING TEST 
Neuman-Type Curve Method 

w (u,, r) = 10-l 
i/UA - lo:0 

ho - h = 0.084 feet 

t - 1.8 minutes 

Q = 19.99 gpm 

= 3848.1 ft3/day 

T - (3.8 x lo3 ft3/day) (10-l) = 364.5 ft*/day (2,700 gpd/ft) 

4n (0.084 ft) 

RECOVERY 

w (u,, r) = 10-l 
l/uA = lo.0 
ho - h = 0.016 feet 

t- 1.6 minutes 

A-29 
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Figure A7B 
IET-OISP PUMPING TEST 

Jacob Straight-Line Method 

Initial Slope 

Q = 19.99 gpm 
= 3848.1 ft3/day 

IET-OISP PUMPED WELL 

ORAWOOWN 

A (ho-h) E 1-M feet 

to - N/A 

T = o.ia3q = 0.183 (3848.1 ft3/day) = 677.1 ft*/day (5,100 gpd/ft) 

A (ho-h) 1.04 ft 

RECOVERY 

A (ho-h) = 1.50 feet 

to = N/A 

3 9.. .-. 
T = o.la3q = 0.183 (3848.1 ft'jdayj = 469.5 ft&/day (3,500 gpd/ttj 

A (ho-h) 1.50 ft 

‘h.31 



IET-OISP PUMPED WELL 

DRAWDOWN 

Figure A7B 

JET-OISP PUMPING TEST 
Jacob Straight-Line Method 

Second Slope 

Q = 19.99 gpm 

- 3848.1 ft3/day 

A (ho-h) = 0.1 feet 
to = N/A 

T - o.ia3q = 0.183 (3848.1 ft3/day) - 7042.0 ft*/day (53,000 gpd/ft) 

A (ho-h) 0.1 ft 

RECOVERY 

A (ho-h) = 0.17 feet 

to = N/A 

T = 0.1839 = 0.183 (3848.1 ft3/day) = 4142.4 ft2/day (31,000 gpd/ftj 

A (ho-h) 0.17 ft 

k-32 
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dc = 

dp = 

Q/s = 

IET-OISP 
Figure A7B 

Well Bore Storage Calculations 

Tc = 0.6 (dc2 - dp2) 

P/s 

time, in minutes, when casing storage effect becomes 
negligible 

inside diameter of well casing, in inches 

outside diameter of pump column pipe, in inches 

specific capacity of the well in gpm/ft of drawdown at time 
tc 

dc = 12 in. 
dp = 2 in. 
? = 19,99 gpm 
S = initial assumption = 2 ft. 

by iteration: 

tc 
8.40 

10.7 2.55 2.6 
i0.9 2.6 2.6 

Dornl.c.r\r 
,\rr”.CI , 

s from recovery 
oraoh 

2s 2.55 

lE5 
9.0 
a.0 
7.a 

tc (recovery) = 10.9 min. 
tc (drawdown) = 7.8 min.* 

Orawdown 
s from drawdown 

255 
araoh 

2.15 
2.15 
1.9 E5 
iIR5 1:a4 

i A ,I-_L _.___ ___A_ ^cc^-‘̂ -I k... Drawoown curve ano ulscnar-ye r-air were c‘)~~LL~u VJ a de:rease in 
pumping rate (Figure A7B). Therefore, tc for the drawdown curve is 
probably in error. 



The Tc (recovery) value suggests that the casing storage effect would have 
become negligible after approximately 11 minutes. Thus, the initial slope 
provides an erroneous T value and any predictions of the wells' 
performance should be based on the T value, calculated on the basis of the 
latter part of the curve. The transmissivity calculations are on the 
following page. 

. . 
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Figure A8A 

TSF-INJ PUMPING TEST 
Neuman-Type Curve Method 

Q = 19.7 gpm 
= 3970 ft3/day 

TSF-INJ PUMPED WELL 

w (u,, r) = 10-l 
!,/!j, P 1-0 
ho - h = 1.2 feet 

t = 2.3 minutes 

T = (3.79 x lo3 ft3/day) (10-l) = 25.1 ft*/day (190 gpd/ft) 

4n (1.2 ft) 

RECOVERY 

w (,,A, r) = 1.0 
l/uA = 1.0 
ho - h = 5.0 feet 

t = 0.44 minutes 

4% (5.0 ft) 
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Figure A88 
TSF-INJ PUMPING TEST 

Jacob Straight-Line Method 

Initial Slope 

p = 19.70 gpm 
= 3970.0, ft3/day 

TSF-INJ PUMPED WELL 

ORAWOOWN 

T- 0.1839 = 0.183 (3970.0 ft3jdayj = 66.5 ft*/day (500 gpd/ft) 

A (ho-h) 11 ft 

RECOVERY 

A (ho-h) = 7.6 feet 

to = N/A 

T = 0.1839 = 0.183 (3970.0 ft3/day) = 95.6 ft'/day (700 gpd/ftj 
A (ho-h) 7.6 ft 



Figure ABB 
TSF-IFtj PUMPING TEST 

Jacob Straight-Line Method 

Second Slope 

Q = 19.70 gpm 
= 3970.0 ft3/day 

TSF-INJ PUMPED WELL 

ORAWOOWN 

A (ho-h) = 1.8 feet 

to = N/A 

T = o.la3q - 0.183 (3970.0 ft3/day) = 403.6 ft*/day (3,000 gpd/ft) 

A (ho-h) 1.8 ft 

RECOVERY 

A (ho-h) = 1.6 feet 

to = N/A 

____ T = O.lt53U = 
_ ___ ,__-- - a.?,.. 
u.185 (3~1u.u tt-/aayj = 454.i ft2jday (3,400 gpdiftj 

A (ho-h) 1.6 ft 
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Where: 

tc = 

TSF-INJ 

Figure A8B 
Well Bore Storage Calculations 

Tc = 0.6 (lx2 - dp2j 

P/s 

time, in minutes, when casing storage effect becomes 
negligible 

ins;& d;ap,eter of well racinn -"-..'Tr in inches 

outside diameter of pump column pipe, in inches 

specific capacity of the well in gpm/ft of drawdown at time 
ic 

dc = 12 in. 
dp = 2 in. 
Q = 19.7 gpm 
5 = initial assumption = 10 ft. 

by iteration: 

Recoverv 
s from recovery 

tc 
42.6 
52.0 
52.4 

sraoh 
12.2 
13.3 
19 ? AL.” 

tc 
42.6 

m 
s from drawdown 

S oraoh 
i0 ii.3 

52.4 
52.9 

7.8 

tc (recovery) = 52.4 min. 
tc (drawdown) = 52.9 min. 

12.3 12.4 
12.4 12.4 
1.85 1.84 

The Tc values suggest that the casing storage effect would have become 
nanlinihla after annmuimatolv 52 minutes; "C.J' ,i.",- "rr. ",. ..--- ., Thus, the initial slope 
provides an erroneous T value and any predictions of the wells' 
performance should be based on the T value, calculated on the basis of the 
latter part of the curve. The transmissivity calculations are on the 
following page. 
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AQUIFER TEST FIELD DATA SHEETS 

FOR 1987 PUMPING TESTS 
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AQUIFER TEST FIELD DATA S%EZT 

Observation well No. - - 

Owner: DO% 

Observers: L?a 

Measuring point is’T,, ,f 1” cn 
, 

J&r which is 1x45 feet~surface. 

Static water level m .2lfeet below land surface. 

Distance to pumped well - feet. 

VT:--L ---- se.- -.e -..---A . ..^ I, Y*aC;cIPL&SS ‘~*I.= “L pu,uyzu 115&A , &OS= --- I--,,--- me_ min.G*be) Lip&u \ijcluu,ra y.z- 

Total number”of odservation wells 2 - WCs 2? ’ 7*N 42 
* I , 



AQUIFER TEST FIELD DATA SHEET “--A-.._.z-- _L-_* \r”nrLnuakL”n S‘LtzCL 
. . 

Page 2 of _iT - 



AQUIFER TEST FIELD DATA SHEET 
Continuation sheet 

k Pumped well 7pp.I * I 3lJ. 6:r - Page 3 of 5 -- 
nL ^^__._ AZ-- ____1, a,- ““JSI “dLI”U well &““. - - 



AQUIFER TEST FLELD DATA SHEET 
Continuation sheet 

2 Pumped well -rAN *I a :.A t LIZ 

nh,,,.,,,;,, .“.%,, w,. --I-. ._.I”.. . . ..- *..+. - - 

Page 4 of c -- 

6-6 ,, 



- AQUIFER TEST FIELD DAT.4 SHEET 
Continuation sheet 

h Pumped well 7-PrI - ’ -+ 6,-L 

Observation well No. - - 

Page L of 5 - 

Date 
Clock Elapsed time Depth to Drawdown 
time since pumping water, below 

started I stopped land surface 
+ .-P-e+! (feet! 

15=x0 f 50.3 2oq. s9 ~.s- 

1~3aoo 60.0 ZO+l.S? s.s-3 

l545Q3 7s.a zoq.57 5s7 

I CC5000 qo.0 203. s-5- 5; 59 
_ -- 

.l6~OQD i\OsO =oq.JT I +sbc) 

.‘I 6%07! lzB.0 20+53 ., b.6) 

’ 

I ’ 
, 
I 

I 
I I 



AQUIFER TEST FIELD DATA SHEET 

- Pumped well Page / of 2 - 
- Observation well No. - En, *a (AAlP “2) 

Owner: l3OE Location: TAN “bj, &cf3 

Observers: !4? G. J=hJQfl 

?dIeasuring point is 77 -F /” A& which is feet above 
below 

surface. 

Static water level 203.c3 feet be!ow land surface. 

Distance to pumped well 500.0 feet. 

Discharge rate of pumped well /OS= gpn (gallons per minute). 

Total number of odservation wells . I 2 --C punlc>cc/ Wei/ 
, 

Depth tc 
water, be.! 

2/r- 2.23 = 209?lT o.jy 

Z/Z-2.19; 209.81 0.~3 



AQUIFEti TEST FIELD DATA SHEET 
Continuation sheet 

“..---J . ..-71 
- ruulpru wru 

J.Observation well No. /b/f ‘2 - - 

age 2 - of -L- - 

Clock Elapsed time Depth to Drawdown 
Date time since pumping water, below or 

started /stopped lan;if~;tzzface 
(minutes) 

recovery 
(feet) 

,I-+,, 1345 i i 165:oo 2/2.-Z/5 ;.h9.05 0.27 

II /4- /$o:o-= 
I ^.. 

Remarks 

! . 

B-9 



-AQUIFER TEST FIELD DATA SHEET 

- Pumped well Page 1 of2 -- 
servation well No. US&5 *A4 . . 

Location: 43S~f1242OsO 1 

Observers: 2. Ad+,eti 

Measuring point is which is I.t9 feet=urface. 

Static water level zD?.kT.S feet below land surface. 

Distance to pumped weii I sac? ieet. 

Discharge rate of pumped well /OSV gpm (gallons per minute). 

Total numb&of odservation we;! 2 , USGS 24 we\ -ryzz * 2 i- dwJ& 

-i3lCC @  -n+d=i 

Date / %? ( ~~?~%~g 1 wafeeil%ow 1 yyl?own 1 Remarks 

1 
srarzed i stopped iand suriace 

I (cr&wces) ( (fee:) I ‘~ZG* I 

_ . . . :i 
I 

209.30 0.025 i 



AQUIFER TEST FIELD DATA SHEXT 
Continuation sheet 

Pumped well 

Observation well No. us&s * 24 - 

Page 2 of Z -- 



SiQ 4 UIFER TEST FIELD DATA SHEET 

3 Pumped well Page ‘! of 5 

Observation weii :X0. - - 
Owner: DOL 

Observers: L 15 

Measuring point i.sYoo a( I”~&f,,+vhich is I,(-7 ’ 
@ -& iLp L5< Tioar 

feet below surface. , 

Date 

Y/,&3 

i 
I - 
1 
1 
T 
T 7 

istance to pumped well 

et below land surface. 

feet 

1010 gpm (gallons per minute). 

Elapsed time i Demh to 



Observation well No. - - 

Clock Elapsed time 
Date 

Depth to Drawdown 
time since pumping water,, below 

started /stopped land surface 
(feet) 

II /I' 16 07 I i 
I__ 

h 216.13 

3.a . 216.17 7.0% 

B.b 216,2i ” .- 
f.lL 

9.6 216.23 ?-$.I4 
._ l0.b 216.25 7:!1, 

_ - 1a.o 2lCd.b ‘- 7!21 

14 ,a 2ld.32 7.23 

lb<0 216 .36 f.27 

18.0 ztl, 3g -7.29 

I \035 2d.O aL,*i I 7.32 

I 12.0 216.43 I 7.34 
1 24.0 'J6-45 3.36 

A. 0 ad.47 7. '-y 

! 104s 3 a 2/ 6.50 1.4 I 
1 j j Go 2I 6.55 w($ 
I ‘40 ‘b 216~5j 3.46 

‘1 1 45.0 -gi&,sij , - f+.TY .n 

I 5z.o 216 * 63 7.54 

4 ~16.63 8 !!!5 , 6OrO ‘TF,sq 

B-13 
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w AQUIFERC~n~s,‘,a~f~~~A SHEET 

‘k Pumped well -r&J a3 z - Page 3 of 27 -- 
Observation well No. - - 



&&E$@ AQUIFER TEST FIELD DATA SHEET 
Continuation sheet 

2 Pumped well TOJ+ a 2 

Observation well No. - - 

Page 4 of 5 - - 

B-15 

,,, ;, ;;:; : 
,,,,:., 

,, ,..,, 4, 

,/:‘:: ,,,,’ 

,,r,, :,, 
,,, 



t”BD AQUIFER TEST FIELD DAT.4 SHEET 
Continuation sheet 

2 Pumped well Ta- * 2 

Observation well No. - - 

Page _;i of 5 - 

Date 
Clock Elapsed time Depth to Drawdown 
time since pumping water, below or Remarks 

startecj&opped land surface 
~fiF?liiu~esl (feet) ‘<;;ggjY 

k-w5 30.0.’ .2QF, 33 .7.4x 

3s. 0 209.3 I 3.45 
’ 40.0 209,2.9 1*3 

1505 50,O 309.15 361 
.- 70 .a -209 .i?j ?..-S& 

-.- 

‘-is35 ‘bQ.0 -9.19 -X5-6 

I 540 85-b 5413 ~?‘!Wr 1 7. i6 

sac\ >r-;o “0.0” 1, n J 
II 

\ T-n* Linr 
I 

! 
- __ 
B-16 



&%?&!X) AQUIFER TEST FIELD DATA SHEET 

- Pumped well Page I of ?- -- 
2 Ob servation well iu 

Owner: :sGs Location: Oti l\Z l3dLbl 

Observers: ?-s 

Measuring point isToo ~4 cog;! na which is I,09 
I 3 

Static water level 2\(J.f~2. feet below land surface. 

Distance to pumped well /oQ3 feet. TP+l*= 

Discharge rate of pumped well )O~IO gpm (gallons per minute). 

Tncnl n,,mhnr’~nf nk~~rv.tinn ur.,llc 2 - ---- ._--.--. “_ “_“_. .“.__.. ..___” 

Date I 



\‘GZLtK.D AQUIFER TEST FIELD DATA SHEET 
Continuation sheet 

P,,mnrrA wall 
- - .-...r-- . . -- 

,\\ Observation well No. 0s 24 

Date 



AQUIFER TEST FIELD DATA SXEET 

- Pumped well Page I of> ~ - 
‘Observation well Xo. T4,v f’ - - 

Owner: 2 OE Location: y-&j /of”>. 6 1.2 

Observers: f. jQdW 

Measuring point is / ” Ca++fr;5 which is Cfeet 
.g) s,,, La* f:wr 
be!ow 

surrace. 

static water level 7hL. cc.3 feet below 1a.n.d s,Jrr’ace. -- - 

Distance to pumped well 500’ feet. 

Discharge rate of pumped well 10 /O gpn (gallons per minute). 

Total number”oP odservation wel?g 2 + SuW/<- Lc;e ’ , 

I Clock I Flsnad rimr I ITaxh tn I nrcawf4iw” I ---r--- .-- --i--- _- 
Date 

I ---.---.-*- 
time since pumping water, below or Remarks 

19g-l 
pped land surface recovery 

(feet) mew 

.;;*:op j 10 i 5 I 2 :, 

1 1 /G/7 2:,00 

I .47 I o-07 _ ( 

1330 1 ,=:&Jo .42 0.0s I - - 

I I r/35 1 8o:sa 1 5-L lo./6 

.5-8 0.13 

;ESS id.,9 

v-.:9 



&&EZ@Z3 AQUIFER TEST FIELD DATA 
Continuation sheet 

- Pumped well 

v Observation well No. TAv #( 
- - 

SHEET 

Page 2 of 3 - 



Clock Elapsed time Depth to Drawdown 
water, below 

I 

I I 

! 1 



- 

B-22 





AQUIFER TEST FLELD DATA SHEET 

> Pumped well -zc-i- *I - Page I of & - 

Observation well No. - - 

Owner: Location: ~ ( ~:a;, ~‘-) PC b”<.E 7.‘5 
OOJ 3iE_ 12dLd 1 

.- 

Observers: L. ~LCC , > dQ-‘sdk 

Measuring point isyOc OC ~~~~~~~~~~ which is feet above 
below 

surface. 
I 

c*-.i- ____I__ ._-__1 ?,A3 17 G&d&AL; wa,er Level Lu i .-c‘- *--. L-7 _... Y--A -..- D--- 3&Q&> ‘CezL “.zl”W ,anu JYTlaGe. !& rr* ti- 
;\al\ d.@- 314.0’ 

Distance to pumped weI.I - feet. 

Discharge rate of pumped well 19.99 gpm (gallons per minute). 



AQUIFER TEST FIELD DAT.4 SHEET 
Continuation sheet 

X Pumped well I= i -e/ 
- 

Observation well No. - - - 

Page 2 of 4 -- 

B-25 



Y Pumped well - 

AQUIFER TEST FIELD DATA SHEET 
Continuation sheet 

Page .?j of 4 -- 

Observation well No. - - 

B-26 

,‘,: ,,‘, 

z:,,,, 
.,,,: 



AQUIFER TEST FIELD DATA SEEET 
Continuation sheet 

?-,F- :,,,‘., 
‘, Pumped well C- j ‘f - 

Observation well No. - - 

Page ii of $ -A 

Clock Elapsed time Depth to Drawdown 
Date time since pumping water, below Remarks 

started /stopped lan;lfegeut;face 
&tm&eo)?D, 

:/s/e 7 
~ --~~ 

/421X 63’ 6.50 ‘z-07.26 2.51 

I42213 1 7r22 ‘07 .zs 2.Ss. 
1 

[ 42310 a’+ j T.lG, 107 .23 -? .s4 

j ! lOtO 20-j .2f 2‘Sd 

2:r, 

2.61 

I 
207. w 

/44000 $5, 2SrQ z?&a 2.62 
I, /44S@ %b:b 30. 0 &“I3 2,64 

rg//vil -c&7 

c ice e .> -.. 
'I 



I, 

-.- 

,._-: _._.. --_.L)--,-_ :. -_- -~-.----~r-- -.--. ~.- _- -- --.A 







_ .---.-_ __- 

-.- --, .‘!,~ ..! .A- 
--. 



AQUIFER TEST FIELD DATA SHEET 

Ix, Pumped well >;,’ 21-F. 2) ,Ah?-; 3 page; of 4 - 

Observation well No. - - 

Owner: Location: c\rC’J~ar EL.,.& ‘;:z ’ 
A.--Ill A “ISLCJ, 

Total number of observation wells 
-F’” -sz-pw.-r 9333’ 

-slvp ** q5-6 /475&1/K* 

Clock Elapsed time ,,.:..Depth to Drawdown ’ - .+ 
Date time since pumping water, below 01 Remarks 

sta$-J&$!?&ed land surface recovery 
(feet) .Sfe,&g 

,.. 



AQUIFER TEST FIELD DATA SHEET 
Continuation sheet 

)( Pumped well - 
3~ C,zF -A.Ai”“) Page 2 of 4 -- 

Observation well No. - - 

i m-mj 60 ,Ob i v-o?. 53 i t2-7.5 i 
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Pumped well 

AQUIFER TEST FIELD DATA SHEET 
Continuation sheet 

.f T*,.: :psp. A ,*-c :-. /+ri r - 3 Page ;F off 



AQUIFER TEST FIELD DATA SHEET 
Continuation sheet 

L - 

- 

Pumped well I&d y&P. 

Observation well No. _ 

Page 4_ of 4 - 

Clock Elapsed time Depth to Drawdown 
Date time since pumping water, below Or Remarks 

started /stopped land surface recovery 
:iniiiiitea: :fee:) !feet) 

7 I3 S? II ‘1000 10,o 198.s-0 ‘l.qb 
II2500 Is-,b 14760 lo.?b 

il%OOb 20:a !WZ6 If.20 

I l3&00 2-&A I44 5-3 U.63 

114oao 30,O 141,Sti c1.w 





E 

Ti -- ., ---- 





I / 
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AQUIFER TEST FIELD DATA SHEET 

Observation well No. . . 
- - 

Owner: ascrs Location: C,rcolar -&i-& -7,k” .- 
0,&,*-’ 3;i 10 ait I 

Observers: x. 3,,- 

Measuring point isT-,p 6: 1” ccll~\~p which is feet above 
below 

surface. 
1 

Static water level sAc4 14 feet below land surface. X!Z’+,. I&, e 

Distance to pumped well - feet. 
T,t-xQ &+-. 3m.25 

- _.. .- _. .--__ B-40 ~."" ' 
Y” 

_-. - -- -._ . . . _.~ -__ 



AQUIFER TEST FIELD DATA SHEET 
Continuation sheet 

-25 Pumped well Ah! 3 rrf. 6 

Observation well No. - - 

Date 
Clock Elapsed time Depth to 
time since pumping water, below 

started /stopped land surface 
(minutes) (feet) 

* 

I I I 

Page 2z- of i 

Drawdown 
or 

recovery 
(feet) 

6.0 

Remarks 

B-41 



APPENDIX C 

LOGAN'S METHOD FOR STEADY-STATE FLOW 

C-l 



The pumping test conducted in ANP-6 utilized a discharge rate of 
40.27 gpm over 180 min. This was insufficient to cause any measurable 

drawdown. To calculate an approximate transmissivity, conventional 

solutions could not be used because no drawdown occurred in the borehole. 

A steady-state approximation method was used but provides only a minimum 

value for transmissivity. A minimum transmissivity of 3114 ft2/day 

(88.2 m2/d) was calculated. 

Logan's method for a steady-state flow in confined aquifers (Kruseman 

and De Rigger, 1976) represents an approximation of the Theim formula for 
a confined aquifer and was used for the caicuiation of transmissivity. 
The groundwater in the aquifer is assumed to be confined. The constant 

rate of pumpage and the absence of drawdown justify a steady-state 

Condition. 

kD = 
2.309 log rmax/rw 

2TS, 

where: 

kD = transmissivity of the aquifer, m2/d 

0 = well discharge, m3/d 

1”W - radius of the pumped well, m 

rmax - radius of influence (= radius of depression cone, m) 

smw = maximum drawdown in the pumped well, m. 

The ratio of rmax/rw cannot be accurately determined without the 

use of additional piezometers. However, although the variations in rmax 

and rw may be substantial, the variation in the logarithm of their ratio 
is much smaller and can be approximated with an average value of 3.33. 

Substituting this value into the above equation yields: 

1.20 Q 
'KD P - 

S mw 

c-3 



As was mentioned earlier, no drawdown was observed in the well, but a 
drawdown is needed to calculate transmissivity with this equation. A 

drawdown of 0.1 meters was used. Using the same discharge as in the 

pumping test (40.27 gpm [7.35 m3/d]) with this drawdown yields a minimum 

value of 3114 ft'/day (88.2 m2/d). Transmissivity must be higher 

because there was not drawdown. Based on a saturated thickness of 99.01 

feet, the minimum K for well ANP-6 is 31.5 ft/day. These calculated 

values are minimums and the actual T and k could be much higher than the 

values presented here. 
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APPENDIX K 

ORGANIC AND INORGANIC ANALYTICAL RESULTS-- 
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RESULTS OF ORGANIC ANALYSES OF 
THE TSF CLARIFIER PITS 
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NOTES FOR ORGANICS RESULTS 

u - we indicates compound was analyzed for but not detected. 

J -- indicates apA estimated VallJe; This flra is used_ Whn_E ___~ 
estimating thekoncentration of tentatively identified 
compounds or when compound is identified but the 
concentration is less than the sample guantltation limit. 

B -- anaiyte found in the associated biank as weii as in the 
sample. 

D -- identifies all compounds identified in an analysis at a 
SeCOlldaFl diiUtiOll factor. 

NOTES FOR INORGANICS RESULTS 

u -- indicates compound was analyzed for but not detected. 

B -- indicates the reported value is less than the Contract 
Required Detection Limit (CRDL) but greater than the. T--C . ...1-1 c n...C..s"C4r" Ti...iC &‘11CAUAuWI,C W.zCSWCIYA, "I‘"*.. (IDL). 

E -- indicates a value estimated or not reported due to then 
presence of interference. 

S -- indicates value determined by Method of Standard Addition. 

N -- indicates matrix spike sample recovery is not within 
control limits. 

l -- indicates duplicate analysis is not within control limits. 

+ -- indicates that the correlation coefficient for Method of 
Standard Addition is less than 0.995. 

t 
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VoLATlLE mwY*cs 
TSf CLARlflER PI, 1 

l.~,l-TRICHLoRoETllANE 
,1,1,2,2-TETRACHLOROETHWE 
1,1,2-TRICWLDROSTHANE 
l,l-DICllLORLWlANE 
a ..r.ICYI.-a~~YC”C r,l-“lrn.rnrrlnm~ 
l,l-DICWLQORTWENE (TOT,L> 
l,l-DICWLOIOETWEWE (TO li L) 
1.2.DWLORQTHANE 
1,2-DICAL(WIOPROPANE 
2-SLITANWE 
,.YCY.luwlI L .I.-.... 
4-METHYL-2-PENTANONE 
ACETWE 
ACETWE 
BENZENE 
RROI*X),CHLORO(ETHANE 
SRw?FN!! 
SROWIETYNE 
CARBOU DtSULFIDE 
CAREW TETRACHLD(IlDE 
CHLDROBENZENE 
CWLDIIDRTHANE 
C!!LrnOfceN 
CWLO(IC#RTHANE 
CIS-1,3-DICHLCWPRDPENE 
DIRROUICWL~Q(ETWA”R 
ETilYLSEN2ENE 
METN”LENE CHLOI(IDE 
STIREYE 
TETRACWLDROETHENE 
TOLUENE 
TRIYS-1,3-DICnLOROPRDPCWE 
TRICHLDRDETHENE 
VINYL ACETATE 
VlNIL C”LORlDE 
XVLENE (TOIAL) 

9U.L - 
i:iw 

U 
U 
U 
u 

U 
” 
U 
U 
u 
” 
J 
U 
U 
” 
u 
U 

:: 
U 
U 
u 

i 
” 
J 

u 
U 

U 

: 
” 
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t: i 

::i 
5.8 
6.0 
5.0 
5.0 
5.0 

10.0 
1O.D 
10.0 

2.0 
10.0 

2: 
5.0 

10.0 

::i 

1;:: 
5.0 

10.0 
5.0 
5.0 
3.5 

93.0 
51D 
5.D 

15.0 
5.0 

1;:: 
1D.D 
42.0 

^..__ wnnlr 

: 

: 
2 
1 
1 

: 
2 
2 
2 
1 
1 

: 
2 
2 

: 

: 
2 

: 

: 
2 
2 

: 
2 

: 

I 



SEMlMLATILE ORSANICS 
,SF CLARIFIER PI, 1 

1,/4-TRICHLOROBENZENE 
1.2~DICMLOROSENLENE 
1 ,S-OICllLORClSEN2ENE 
1.4.OICHLMOBENZENE 
2.Lr5.TR!C!!LoRwNENOL 
2.4.6.,RlCHLORWHENOL 
2.4-DICHLW.WWENOL 
2,4-DIIIETNYLPHENOL 
2,4-OINITRWHENOL 
2,4-OINIlROlOLUENE 
2,6-DINITROTOLUENE 
2-CWLOIWAPHlG+ALEYE 
2-CHLQWHENOL 
2-“ElHYLNAPl!7WALENE 
2-USTHYLPHENOL 
2-NIlROANILINE 
2-NITRWHENOL 
3.3.OlCIILCdt@SEN2IOINE 
3-NITRMNILINE 
4,6-OINITRO-2-I(ETHVLPnEWOL 
4-SRCMWWENVL~PHENYLETHER 
4-CHLORO-3-WETHYLPHENOL 
4-CHL~MNILINE 
4-CWLOIWNENYL-PHENVLETHER 
4-METHYLPHENOL 
4-NI,ROINILINE 
4.YITRWWENOL 
ACENAP”T”ENE 
ACENAPWTl,YLENE 
ANTHRACENE 
SEN2O(A)AN,WRACENE 
BENZO(A)PYREYE 
SENZO(S)FLUC+!ANlWENE 
SEN2003,H.I)PERYLENE 
SENZO(K)FL~AN,HENE 
RLNLOIC AC,0 
SENZVL ALCDHOC 
Slf(Z-CnLWQTnOXY)ME,HANE 
SIS(Z-CALORMTHYL)ETHER 
SIS(Z-CIILMIOISWRWLY)E,IIER 
SWZ-ElRYLHEXYL)P~THALATE 
S”TlLBE”LTLP”T”ALA,E 
CHRlSENE 
DI-I-SU,YLPH,ALA,E 
DI-N-OC,YLPW,WALA,E 
DISENL(A,H)ANTHRACENE 
DISENLOFURAN 

OUAl . 
ifis? 

U 
U 
U 
” 
u 

i 
U 
U 
U 
U 
” 
” 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

tl 
U 
U 
U 

U 

J 
” 
U 

75.0 
75.0 

z 
roo:o 

;*: 
75:o 

400.0 
75.0 

2:: 
75.0 
11.5 

4ii.i 
75:0 

150.0 
400.0 
LOO.0 

75.0 

E:i 

2: 
wJ:o 
4w.o 

::i 

2: 

E 

FZ:: 
490.0 

75.0 

E?: 

1E.i 
iii10 

2;:: 
11.0 

El 

10 

1: 
10 

D 
10 

:: 
D 

10 
ID 
10 
10 

1 
10 

0 

1:: 
0 

1: 
10 

:: 
10 

: 

:: 
10 

1: 
10 
10 
10 

0 
10 

1: 
10 
40 
58 

1;: 
4 

1: 

cant 

: 
2 
2 
2 

: 

: 

: 

: 

: 

: 

: 

: 
2 

: 

: 

: 
2 

: 

: 
2 
2 
2 

: 
2 

: 
2 

: 

: 
2 



*E*IvoL*lrLE oRoAw,cs 
TSF CLARIFIER PIT 1 

nPmn 
awl- EC+%. 

iruiyte iiier ir**ri 

DIE~WYLPHlHALATE 
DIIIE7HYlPlllilAlATE :: ::tl 
FLUORAYlHEYE 

z 
75.0 

FLUOllEYE 7S.0 
..-...-... --_.._-..- “CUl.“LU~C”‘E”E u 7s.o 
,,EXACHL~OsUTADIEYE ” 
llEXACllLC4lOCYCLWEYTADlEd U it: 
HEXACtlL~OETHWE U 
fondest,‘-““‘“EN’ U iii.: 

U 75:o 
. . ..-_ - s. . . ..^-“.,.” . ..w “-“ll~“3U-“I-“-~“V1LI111”S ii 3.0 
W-Y,TRosoo*P”E”“LAMIYE (1) .I 21.0 
NAPHTIULEWE J 15.0 
YITRCSEYZEYE U 7S.0 
PEYTACHLOllOPWEWL U 400.0 
PIIEYAYTIIREYE U 75.0 
PnEic& u n.0 
PYREWE U 75.0 

RHW. iani 

:; : 

1: : 
10 2 

ii : 
10 2 

10 10 : 
:o 2 

; : 

10 
1: 

: 
2 

10 10 I 
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CVCLIC CLwalwp .I 

:: 

26 2 

UNKWOYU J UNSATURATED HYDROCARROU J 28 14 42 : 
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TIC SEMIVOLAlILES 
TSF CLARIFIER PI, 1 

nean 
Owl- COIX. 
ificr (PM) ninimm 

J 160000 160000 4.(1,3,3-TETRMETYVLWTVL~-PA 
ALKYL SURSTITUlED CYCLOPENTAN 
RUlANE,2,2,3.3-TETRAHETHYL 
CYCLONEUNE,l-IIETWVL-3-PROPYL 
DECANE,Z-IIETHVL 
DECANE-2,3,7-1RIMRlHYL 
NOWANE,2-METHYL 
CCTANE,2-)(EltIVL- 
PWENOL,4-(2,2,3,3-TETRAMETHVL 
PRENOL,4-CHLOIO-2(PHENVL"ETHY 
UWDECANE,J,R-DIMTHY 
UNDECANE,4,7-DIWRTIIYL 
UNK SUIST N'IDRowII)oy 
UNKNM 
WKNCW CVCLO*LK4NE 
UNKWW WVDROCARROY 

J PM)00 WOO 
J 97000 97000 
J 171 0000 170000 
J 231 0000 230000 

0000 110000 J 111 
J 600000 600000 
J 610000 61ooo0 

J 
J : 
J 111 
J 11); 

: 
115ooo 111 
3114w 

j 130000 130000 
J 220000 22OWD 

5oow 15LVJO 
30000 230000 

MOD 11DOW 
ZWO 92000 

Mmimun Ranpa COUlt 

160000 9mc4 : 1 
9moo 

17Woo i i 
23oo40 
1lDDDO : ; 
mwoo 
6lDOW i i 
13DDDD 0 1 
220DW D 1 
15OODD 
23ooDo : : 
llWO0 
34oow 24800: 1: 
12ww lWO0 
84ww 744Lw 1: 
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PESTICIDE ORGANICB 
TSF CLARIFIER PIT 1 

ANlvfe 

-y;; 

4:4-DDT 
ALDR,” 
ALPWA CHLC,tDANE 
ALPHA-BIIC 
ARWLOR 1016 
AROCLOR 1221 
AROCLOR 1232 
AROCLm 1242 
AROCLm 1241) 
AROCLDI 1254 
AROCI.(YI 1260 
AROCLm 1260 
BETWA-BWC 
DELTA-B% 
DIELDRIN 
ENWRULFAN I 
ENDOBULFAN II 
ENDOBULFAN EULFATE 
FYORIN 
EWDRlN KETO)(E 
WYI CWLO((DANE 
--IIRE 
WEPTACHLW 
HEPTRACHLW EPOXIDE 
“ET”OKYC”LOR 
TOKAP”ENE 

OlmI- 
ifiar 

U 
U 
” 
U 
U 
U 
U 
” 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

1700 
1700 
1700 
(110 

B400 

BE-z 
8400 
8100 
B400 
11400 

17000 
10000 
14000 

1110 
1140 

17W 
1140 

1700 
1700 
1700 
1700 
B4W 

z: 

Ez: 
17000 
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Covlf 

: 

: 

: 

: 

: 
2 
2 
1 
1 

: 
2 

: 
2 

: 
2 

: 

: 
2 



MLATILE DRSANICS 
TSF CLARIFIER PIT 3 

hmiytc 
1,&l-V~UCHLOROETHANE 
1,1,2.2-IETRACHLOROETHANE 
1;1;2~VRICHLM(OETHANE 
1.1.DICWLOROETWANE i,i~DiCNLmmiNEHs 

l,l-DICWLOIIOETHENE (TOTAL, 
1,2-DICWLOROETHANE 
1,2-DICWLORWRWANE 
2-BUTAWE 
2-HEXANOYE 
I Yrv.a". . ~^r.l...IUlr 
l -mtl”ll.-‘-rS”lm”“E 

ACETONE 

BENLENE 
BROQDICWLORQIETHANE 
RRWOFORW 
BRcucuElnWE 
^.---. -.-*. ..-- UImm YIauLIIYS 
CARB@I TETRACRLORIDE 
CHLmOsENZENE 
CIILDRPTWANE 
CHLOROFORM 
CRLOIOIIETHANE 
-.- . 1 . .."".^^U"UC.IC c&s- I,~-YI*"LsJmK~wS"S 
OIBRWC"L~WT"ANE 
ETXYLBENZENE 
"RIWLENE ULORIOE 
STVRENE 
TETRACWLWOETIIENE 
In4 llC”C llL”L”L 
TRAYS-l,S-DICHLWOPROPENE 
VRIC~LDllOETHENE 
VINYL ACETATE 
YINlL C"LORIOC 
XYLENE (TOTAL) 

OIlal- 
,tter 

i 

:: 
u 
U 
U 
U 
U 
U 
u 
J 
U 
U 
U 
U 
Ii 
U 

: 
U 
U 
u 
U 

U 
U 

U 

i 
” 

Wea" 
CWIC. 
imu 

::i 
5.0 
5.0 
5.0 

::i 

1X 
1o:o 
:o.o 

::i 

:.i 
1o:o 

S.0 
5.0 
5.0 

10.0 
5.0 

10.0 
s.0 
5.0 

14.5 
9.0 
5.0 
5.0 

!6.0 

::: 
10.0 
10.0 
B6.D 

cotmt 

: 

: 
2 
2' 

: 
2 
2 
2 

: 

: 
2 
2 
2 

: 

: 
2 

: 

: 
2 
2 

: 
2 

: 
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SEWIVOLAIILE W!SANICS 
TSF CLARIFIER PIT 3 

1,2,4-TRIC”LCMRE”ZENE 
1,2-DICHLCftOBENZENE 
1.3.DICWLOIIORENZEWE 
l,C-DICHLOROSEN2ENE 
2,4.5-?R!C!!L~W!!ENOL 
2,4,6-TRICHLORWWENOL 
2,4-0IC”LtXW”ENOL 
2,4-DI”RTWVLPHENOL 
2,4-DINIlRWHENOL 
2,4-OINITROTOLUENE 
2 *-“lYrIPoIoIllcYF _ , _ _ . . _ _ ___.._ 
2-C”LORWAP”T”ALENE 
2-CWLORWWENOL 
2-“EV”VLNAP”T”ALE”E 
2.WETllVLPHENOL 
2-NIlROANILINE 
2-N!TPWNENOL 
3,3-DIC”L(YIOBENZIDINE 
3.NIIROANILIWE 
4,6-DINIlRO-2-WET”YLPHENOL 
C-BRa*IP”E”VL-P”ENVLET”ER 
4.CHLOAO-3-HETWVLPIIENOL 
4-CHLORMWILIWE 
4~C”LOIIWWENVL~P%NVLET”ER 
4-“ET”VLP”ENOL 
4-NIlROANlLINE 
4-NIVRW”ENOL 
ACENAP”T”ENE 
ACENAPHTWVLENE 
ANT”RACRNE 
BENZO(A)ANT”RACENE 
SENZO~A>PVRENE 
BEN2O(B)FLUIUNTllENE 
BEWZO(G,“,OPERVLENE 
BENZO(K~FL~ANT”ENE 
BEN2OIC ACID 
BENZVL ALCOROL 
BIS(Z-CHL!XIXl”O”V)“ElWANE 
UIS(2-C”LUtOET”VLb5THER 
EIS(Z-CHLWOISWRWLV)ElHER 
RIf(Z-ET”“L”EXVLjP”T”ALATR 
BUTVLBENZVLPWTNALATE 
C”RVSENE 
DI-N-BUlVLPNTALAlE 
OI’N-BUTYLPHTALATE 
OI-Y-OCTVLP”T”ALATE 
DIBENZ(A,“)ANT”RACENE 

owl- 
iti;: 

U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
u 
” 
U 

i 
U 
” 
U 

Yl 

u” 

:: 
U 

i 
U 
U 

i 
U 
U 
U 

i 

:: 
” 
U 
J 

U 

J 
” 
U 

Wf.” 
COK. 
:*: 

2:: 

ii:: 
520.0 

95.0 

~~~ 
550:D 

95.0 
OS-0 
95.0 

2: 
95.0 

550.0 
95.0 

200.0 
550.0 
550.0 

E:i 

20” 

5%: 
550.0 

95.0 
95.0 

ZZ:i 

E:i 

2: 
550.0 

iti 

E:II 
22.0 

525.0 
$5.0 

lBo.o 
64.0 

!I?! 
10 
1: 

100 
10 
!O 

1: 

Itl 
loo 

90 
0 

100 
100 

ii 

1: 

1; 
loo 

ii 

i: 
10 
10 
10 

1:: 

1: 

1: 
14 
7u 
10 

0 
0 

r-... --,. 

: 

: 
2 
2 

: 
2 
2 
2 

: 

I 

: 

: 

: 

: 

: 

: 
2 

: 

: 
2 

: 

: 

: 
2 

: 
1 
1 

: 
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SE”IMLAlILE ORDANICS 
TSF CLARIFIER PIT 3 

OIDEN2OFGWN 
DIRVliVLPHlHAUTE 
DIMEl”VLP”T”ALATE 
FLIJDRANTWENE 
.Y. IWCYC rLmL”L 
HE”ACHLOR~EN2ENE 
“E”AC”LORQUlIDIENE 
llE”ACllLOROCVCLWENlADIENE 
WE”ACllLORQT”ANE 
INDENO(l,2,3-CO)PVRENE 
*..“c.““m,%lC ,-““7.l. 
N-NIlRCW-DI-N-PICWLA”INE 
N-NIlROSCOIP”ENVLIIIINE (0 
N*P”l”ALENE 
NITROREN2ENE 
PEWTACHLORWWEWOL 
mYCY.Y~YmCYC rnL-“.n”““” 
PHENOL 
PVRENE 

owl- 
:::ei 

U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
u 
U 

: 
U 
U 
u 
U 
” 

ii 
1: 
!O 
10 

:i 
10 
1D 
!O 
10 

1: 
10 

1w 
10 
10 
10 

:eisi 

: 

: 
2 
2 

: 
2 
2 
2 
2 

: 

: 
2 
2 
2 
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TIC SEMMLATLLES 
TSF CLARIFIER PIT 3 

.“.I Y,. . .._.. .” 

l-"EXENE,S,5,5-TRIHETHVL 
EUlA"E,2,2,3,5-TETRUETWVL 
DECANE.2,4,6-TRI"ET"VL 
DECANE,2,6,7-1RI"ET"VL 
NEKANE,2,2,5-V!!*E7HVL 
NOYANE, 2-"ETHVL- 
"ONANE,Z-WRINVL 
OCTANE,2.4.6-TRIRETHVL 
PENlANE,2,2,3,4-TETRA"LTHVL 
P"EYOC.L-(1,1,3,3-TETRUIETHVL 
P"ENOl,4-C2,2,3,3-lElRAJ4ET"VL 
PnEKK,4-~4.3,s-lETRII(El"vLEU 
P"E"OL,4~CHL~O-2-(PWENVLWETH 
PROPANOIC ACID,Z-"ETHYL,-l-(1 
UN" SUBSTITUlED DECANE 
~~~,STITUTED HYDROURBOY 

UN- "VDROCARBaY 
UNKNCMN SUlfT "VDROCARBOY 
Il,l-BIP"ENVL1-2-01 
tl.l-BIPWENVLI-2-OL 

oua,. 
ifjpr 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

: 
J 
J 
J 

88000.00 
1w000.00 
300000.00 
110000.00 
110000.00 
110000.00 
230000.00 
180000.00 
285000.00 
530000.00 
7OODOO.DO 
530000.00 
10s500.00 

45000.00 
51000.00 

12ODOD.00 
132B46.15 
168166.67 
24DOOO.DO 
17DOOO.DO 

500w.00 

*ini!!%!" 

BROOO 
190000 
SW000 
110000 
110000 
110000 
230000 
lBoooo 
IBDOOO 
53owo 
700000 
530000 

vooo 
45W0 
51000 

12woo 

Exi 
2400W 
17oooo 

5ODm 

!!%!!?s! 

BROOO 
lpwO0 
3wooo 
110000 
1lOOW 
1lOOW 
23oooo 
1BoDo0 
39oooo 
530000 
700000 
530000 
170000 
45000 
51000 

120000 
700000 
3Bmoo 
2400W 
17OODD 

50000 

PC!!39 
: z tl : 

2lOOW 
0 

: 
133000 

0 

i 
Mlwo 
31woo 

i 
0 
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TIC MLATILES 
TSF CLARIFIER PIT 3 

wcm 
OUaL- cont. 

irmiyte iiicr ippbj iiinimm iiaximmt Range cant 

UNSATURATED llII)ROCARooY 11.5 B 15 7 2 
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PESTlCIDE WWYICS 
TSF CLARIFIER PIT 3 

“4.4~DOD 
4.4-DDE 
4;4-ODT 
ALDRIN 
.I e”. *“I M,,.“C “Lrnn .“L”n”““L 
ALPHA CHLORDANE 
ALP”Au-0°C 
AROCLW lOt6 
AROCLa 1221 
AROCLa 1232 
AROCYLW. 1242 
AROCLOI 1248 
ARCCLOR 1254 
AROCLW 1260 
BETWA-BHC 
DELTA-BHC 
D!ELDR!N 
ENOOSULFAN I 
ENOOSULFAN II 
ENWBULFAN SULFATE 
CNDRIN 
ENDRIN KETONE 
&““,A CHLOllOANE 
OAMA-BHC 
WEPTACHLOR 
HEPTRACWLOR EPOKIDE 
METNO”VCHLO(I 
1O”AP”E”E 

QUaI- 
ifiS 

:: 
” 
” 

U 
U 
u 
U 
U 
u 
” 
U 
U 
” 
U 
u 
U 
U 
U 
” 
U 
U 
U 
U 

t 
” 

Wean 
COIU. 
:*: 

1270 
127D 
1270 

630 
LOO 
4200 

630 
6300 
6300 
63W 
63w 
4300 

127DD 
12700 

2: 
!27D 

630 
12m 
12m 
12m 
127D 
6300 

630 
630 
630 

6300 
12700 

ifi 
060 
420 

0 
0 

420 
4200 
4200 
4200 
42DD 
4200 
MOO 
B600 

420 
420 
run 
420 

iii 

z 
4200 

420 
420 
420 

4200 
MOO 

r^.-” 
1-a. 

: 

: 

1 

: 
2 
2 
2 

: 

: 
2 

f 

: 

: 

: 

: 
2 
2 



RESULTS OF THE INORGANIC ANALYSES 
OF THE TSF CLARIFIER PITS 
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NOTES FOR ORGANICS RESULTS 

U -- indicates compound was analyzed for but not detected. 

j -- ' A:--&^" %" ^r4.;."3+sA ,,-,,,a inurbacsr CA,, SSCIIYUC-~ .1-s-. This flag is 1?setl w!?en 
estimating the Concentration of tentatively identified 
compounds or when compound is identified but the 
concentration is less than the sample guantitation limit. 

B -- analyte found in the associated blank as weii as in the 
sample. 

D -- identifies all compounds identified in an analysis at a 
secondary dilution factor* 

NOTES FOR INORGANICS RESULTS 

U -- indicates compound was analyzed for but not detected. 

B -- indicates the reported value is less than the Contract 
Required Detection Limit (CRDL) but greater than the instment Detection Limit (1;L;. 

E -- indicates a value estimated or not reported due to the 
presence of interference. 

S -- indicates value determined by Method of Standard Addition. 

N -- indicates matrix spike sample recovery is not within 
control limits. 

l -- indicates duplicate analysis is not within control limits. 

+ -- indicates that the correlation coefficient for Method of 
Standard Addition is less than 0.995., 

K-18 



INoRwNIcs 
7% CLARIrIER PIT I 

Pus,- 
it!+? 

” 

” 

” 

” 

U 
U 
u 

“cm 
cont. 
!$p!! 

37.60 
42.55 

"'Z 
!6140 

279.50 
53.04 

641.00 
4.70 

537.50 
18,15 

185.55 
0.95 

lZ.en 
3.70 
0.95 

3940.00 
86.40 

1315.00 

1.6 
69.3 
79.0 

0.2 
2:4 

45.0 

35% 

'611$l 
9:1 

202.9 
0.3 

i:: 
0.1 

1120.0 

33::: 
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: 

: 
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Qua,. 
;fi*i 

” 

B 
!! 

a 

a 
U 

B 
U 

U 
u 
U 
" 
U 
8 
U 

Yam 
COIK. 

53.40 
29.67 

191.00 
59.40 

!.03 
4.10 
2.00 

13.57 
10.00 
9.65 

39.95 

::: 
61.63 
47.47 
11.97 
9.3? 
4.13 
1.33 

49M1.00 
17.50 

5.40 
522,oo 

18.1) 
29.1 

0.0 
32.8 

0.5 
4.6 
0.0 

21.5 

3 
4413 

;*i 
14:1 
25.1 

6.8 
14.2 

2.3 

ZSZEI 
26.4 

0.0 
60&o 

comt 

: 

: 
3 
2 
1 
3 

: 
2 
1 

: 

: 
3 
3 

: 
2 
1 
3 
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QC RESULTS OF THE TSF CLARIFIER PITS 
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FIELD QUALITY CONTROL SAMPLE EVALUATION DESCRIPTION 

TRIP BLANKS 

Trip blanks are flagged "Possible Contamination" if concentration is above 

the Instrument Detection Limit (IDL) and is not qualified with a 'J' (see 

explanation of qualifiers). Otherwise, the samples are flagged "No 

Contamination". 

EQUIPMENT BLANKS 

Equipment blanks are fiagged "Possibie Contamination" if concentration is 

above the IDL and is not qualified with a 'J' (see explanation Of 

qualifiers). Otherwise, the samples are flagged "No Contamination". 

SPLITS 

c-.?I. .~~. r3----, ~. ..~A -‘T ---A..-, 1.5 *I._ ___1_*1..- --I--_ * -li,?c -I^-- ^ qJ,,rs are r,aggea as IJut or ‘onrrol IT l.ne rrldLl”r prr~carlL UlTler~cllLe 
(RPO) or absolute difference, as appropriate, does not lie within EPA 

empirically derived limits. If the splits are within these limits, they 
_-- II ---- .I -- a- ---&-^1 ,,z _^ ,:-z*- -I^ -.,- :I-L,^ a.l~e I layye" a> 111 CIJIILIUI. I, ,I" 111111L, a15 a"a1IcxYIc, the splits are 

flagged as such. If the splits are below detection, then the RPD is not 

calculated. 

The EPA limits for organics used are those presented on the Contract 

Laboratory Program (CLP) forms and in the CLP Statement of Work (SOW) for 
".*+riv rnilra A,,nlir3,nr 7" fks C>Prn vkara nnn nC the Splits is nrnatar Iwmc, IA apt"5 "Yp"~sL.s~. ,I, bI#F CY.,S nllslr 1111 "I ,' -""-I 

than the IDL and the other less than the IDL, the RPD reported is a 

minimum value. 

For inorganics, the comparison of split data to EPA limits is: 

1) RPD compared to 2W. when both splits are greater than five times 
thn rnntrzart R.m,irmi netectjofi Limit ICRDIl or . ..- "",." ._-. ..-~ _..-- 
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2) absolute difference compared to CRDL for case where 

a). both splits are between the CRDL and five times the CRDL 

or 

b). one split is between the CRDL and five times the CRDL 

and the other is greater than five times the CRDL. 

In cases where one or both of the splits is less than either the CRDL or 

the IDL. the sample is flagged "Concentration c CROL". When the CRDL is 

not available, the sample is flagged as such. Calculation of these limits 

is described in the SOW (Exhibit E). 

In addition to the above flags, cases where the IDL is greater than the 

CROL is also flagged. Under typical conditions, this is a noncompliant 

item and is included in the validation effort. It was included here for 

the sake of completeness. 

SPIKES 

Percent recovery of analytes added to spiked samples is calculated. 

Because of the use of standards in spike preparation, comparison to EPA 

limits is not appropriate and manual examination of the recoveries is 

made. 

Spikes are flagged "Possible Contamination" if concentration of analytes 

not added to the sample is above the IDL and is not qualified with a 'J' 

(see explanation of qualifiers). Otherwise, these sample/analyte 

combinations are flagged "No Contamination". 
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NOTES FOR ORGANICS RESULTS 

u -- indicates compound was analyzed for but not detected. 

T -- indicatas an estimated value, This flag is used when 
estimating the concentration of tentatively identified 
compounds or when compound is identified but the 
concentration is less than the sample guantitation limit. 

B -- anaiyte found in the associated biank as weii as in the 
sample. 

D -- identifies all compounds identified in an analysis at a 
secondarv dilution factor. 

NOTES FOR INORGARICS RESULTS 

u -- indicates compound was analyzed for but not detected. 

B -- indicates the reported value is less than the Contract 
Required Detection Limit (CRDL) but greater than the TsrC.",",ar+ ns+ar+.4nn I ini+ ,TiTT~\ **IsCL-Sa.C "=CCiwCI".* YL."..b \A'-, . 

E -- indicates a value estimated or not reported due to the 
presence of interference. 

S -- indicates value determined by Method of Standard Addition. 

N -- indicates matrix spike sample recovery is not within 
control limits. 

* -- indicates duplicate analysis is not within control limits. 

+ -- indicates that the correlation coefficient for Method of 
Standard Addition is less than 0.995. 
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EQUIPWENT SLINK EVALUATICU 

Sanvle IO 

TSF118700E 
TSP118700E 
TSF118700E 
rSF1187oOE 
TSF118700E 
TSFllS700E 
lSF118700E 
TSF11870OE 
TSF116700E 
TSF118700E 
TSF118700E 
lSFllS7OOE 
TSF118700E 
TSFl187OOE 
TSFl187OOE 
TSF1187OOE 
TSFl107DOE 
TSFllS7OOE 

COnC. 
(SW 

86.5 

22:: 
2.1 
2.6 
7.1 

17.0 
13.0 

5.0 
7.0 
0.2 

21.0 
20.5 

8.3 
2.2 

10000.0 
11.0 

7.8 

. 
U 
UE 
UN 
U 
UY 
U 
UE 

No Contamination 
No cmtaination 
No cmtminaticm 
No Cmthnination 
No Contamination 
No Ccntaintion 
No Contminatim 
No Cmtmimtim 
NO Cmtamirwtion 
Possible Cmtainatim 
No Cmtmirution 
No Cmtaninatim 
No Cmtamirutim 
No Cmtsmirutim 
No Cmtmirutim 
No Contninatim 
No Cmtrinatim 
NO cmtminatim 
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EQUIPNEWT BLANK EVALUATION 
WWNICS 

TSF CLARlFlER PITS 

1,1,l-Tu~cnLos~iiiAiiE 
,,,,2.2-,ETRAC_nLQOETnlUE 
1,1,2-TRICtlLOROETHANE 
1.1~D,CHLORWTNANE 
1.1.DICHLORMTNENE 
1.1.DICWLORWNENE <TOTAL> 
i:2-OICNLWOETHANC 
1.2.DICNLOROPROPANE 
2-SUTAYOYE 
2-HEXANONE 
L-METHIL-2-PENTA"OU.5 
ACETONE 
_ - --. - 
rnC”‘E”C 

SROMDICNLWOI(ETHANE 
NRwoFOR” 
SKWHETNANE 
CAASO" OlSULFlDE 
CARSON TETRACHLO(LIDE 
.", nl)ne.C...CYC L"LY""~L"LL"L 
CWL!XOElHANE 
CHLOROFWM 
CNLO((QIETIIANE 
,X5.1,3-OICNLORWRWENE 
DISRWOCNLOAWETNANE 
CT”“, ~CY,C”C 
Ll”lLmL”.L”L 

WETNVLENE CHLORIDE 
SWRENE 
TETRAWLOROETNENE 
WLUENE 
IRANS-1,3-DICNLQOPRDPEYE 
TR!CHLWOE?!!ENE 
"IN'IL ACETATE 
"lN"L CNLORlDE 
XILENE (TOTAL) 

sanwe ID 
~~~..____.. 
rsFll(lr”“Et 
TSF1187ODEE 
rSF118700EE 
TSFll8700EE 
TSF1187OOEE 
TSF118700EE ___._----__ lSIl1 c""Lt 

x TSFl 700EE 
TSF1187ODEE 
TSF118700EE 
TSF11870OEE 
TSFllWOOEE 
*.r..sT"nrC ar I IYSYYLL 
lSFll87OOEE 
TSFll87OOEE 
TSF118700EE 
TSF118700EE 
TSF118700EE 
rcr,,*mncc I1. I I", ""Lb 
TSFll87OOEE 
TSF118700EE 
TSFllWOOEE 
TSF118700EE 
TSF118700EE 
TSFlls7oL%E 
TSFllWOOEE 
TSFllWOOEE 
TSFllWOOEE 
TSFllWOOEE 
TSF1187OOEE 
TSF!!ZpO@ 
lSF118700EE 
TSF110700EE 
TSF118700EE 

COW. 
WM) 

560 

:i 

:: 
110 

20 

ii 

:: 
30 
28 
20 
20 
30 
20 
20 

!% 
30 
34 
30 
20 
20 
76 

2aO 

:: 

:FJ 
120 

:: 
20 

Pual- 
ifiW 

:: 

:: 

ii 
U 
" 
U 
" 
U 
1l 
U 
U 
U 
U 
U 

U 

U 
U 
U 

U 
U 

z 

U 
U 
U 

cnnrnt 

iossibie Conimination 
No Cmtlvninatim 
No Cmtminatim 
No Cmtminatim 
No Cmtminatim 
Possible Cmtminatim 
I.. -~-_.-I--_:-- "CJ Lm~mmllm~lul 
No Cmtninstim 
No CmtrniNtim 
NO CmtmiMtim 
NoCmtmi~tim 
NO CmtaiMtim 
Y_ *--r-i-^.i- -" -wI.w.I..m.r-. 
No CmtadMtim 
No CmtaiMfim 
NO CmtmiMtim 
No Cmtainatim 
No Cmtmirvtim 
POlbib!t cmt&??i!xtim 
No Cmtainatim 
Possible Cmtdntim 
No Cmtairutim 
No Cmtminatim 
No CmtardNtfm 
P..Ei!e Cmte!ir!et!M 
Possible Contamination 
No Cmtninatim 
No Cmtnirutim 
No Cmtmirutim 
NO CmtmiMtim 
Pqrrible cmtaminatim 
No CmtmiNtim 
No Cmtminatim 
No CmtmiMtim 
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FIELD SPL,, E”AL”A,IO” 
,NORWNICS 

,SF CLARlFlER PI, 1 

Antimony 
AntimW 
Arsenic 
Arsenic 
Ssriun 
Barium 
eeryllim 
ihryl I iM 
cadniun 
Cadmium 
Chrcdum 
Chrmiun 
cc&It 
Cobalt 
copper 
C-r 
cyanida 
Cymide 
LCOd 
Lead 
Mercury 
IIcrcwy 
Nickel 
Nickel 
Sclmiun 
SelmiWl 
Silver 
sitter 
Thdliun 
,helLi"" 
Tin 
Tin 
vanadim 
vanadim 
Zinc 
Zinc 

Smph ID 

TSF11870,l 
lSF1187012 
7SF1187011 
lSF1187012 
,SF1187011 
TSFllMOl2 
lSF1187011 
lSF1187012 
TSFll87011 
,SF111)7012 
,SFll!37011 
,SFllO7012 
lSFl187011 
TSF1187012 
TSFll87011 
TSFllIl7012 
,SFlll)7011 
TSFll87012 
TSFllO7011 
TSFl107012 
lsFllwoll 
lSF1187012 
TSFllWOll 
lSF1187012 
TSFll,VOll 
,SF1187012 
lSFll87011 
,SF1187012 
1SF1187011 
,SFl11)7012 
lSFll87011 
,SFllWOlZ 
,SFllWOll 
TSFll87012 
151111)7011 
TSFllWOlZ 

cone . 
wb) 

3.%00 
37000 
77200 

mO0 
265000 
155000 

900 
700 

176no 
15200 

302000 
257000 

54900 
52700 

820000 
Lb2000 

5300 
4100 

232000 
843000 

23000 
13900 

287000 
84100 

9100 

L% 
12800 

1000 
900 

4500000 
3380000 

MM0 
84100 

1480000 
1150000 

Qua,- 
ificr 

“EN 
“EN 
+W= 
+N* 
‘E 
9 
” 
U 
*E 
l E 
l E 
l E 

-E 
l E 
U 
U 
t* 
+. 

E 
E 
UN 
UN 
U 

WY 
WN 
” 
U 

E 
N*E 
NT 

Relative 
Percent 

Diffsrmce 

163 
163 

:: 

:: 
lb 
16 

4 
4 

56 
56 

111 
114 

2; 
109 
109 

116 

: 
25 
25 

CRDL 

ZE 
10.0 
10.0 

200.0 
200.0 

5.0 

::i 
5.0 

10.0 
10.0 
50.0 
50.0 
25.0 
25.0 

::: 
0.2 
0.2 

40.0 
40.0 

::: 
10.0 
10.0 
10.0 
10.0 

50:o 
50.0 
20.0 
20.0 

c-t 

IDL B CROL .- Nonconpliame 
IDL B CRDL -- Nmconpliance 
RPD = 20% -- out of cmtro, 
RPD a 20% -- out of Control 
RW a 20% .- out of cmtro, 
RPD B 20% -. Out Of Control 
IDL l CRDL _. Noncaplisnse 
IDL P CRDL .. Nownpliance 
RPD s 20% .. In Cmtrol 
RPD < 20% .- In Control 
RPD < 20% .- Ill Control 
Rw e 20% .. In Control 
RPO < 20% .- In CMtrOl 
RPD s 20% -- In Cmtrol 
RW s 20% -_ Out Of Control 
RPO a 20% -_ Rlt of Control 
CRDL not available 
CRDL not available 
RPO > 20% -. Cut of Cmtrd 
RPD a 20% ._ art of Control 
RPD > 20% _- Out of Cmtrol 
RPD > 20% -- Cut of Control 
RPD > 20% .. 0°C of Cmtrol 
RPO P 20% -- Out of Cmtrol 
IDL P CRDL -- NmConplianCa 
IDL P CRDL -- Nmmnpliaixe 
IDL P CRDL -- NmC~lillncc 
RPD P 20% -- Out of Control 
IDL P CRDL .. NoKonpliaMc 
IDL ) CRDL -- Nmc~npliance 
CRDL rot available 
CRDL twt available 
RW e 20X -. In Cmtrd 
RW q 20!4 -. In Control 
Rpo a 20% -. (*lt of Cmtrol 
Rw > zm .. wt oi Cmtroi 
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FIELD SPLIT EYALUATlW 
ww"Ics 

TSF CLARlF,ER PIT 1 

Analyfe 

I,l,l~lRIC"LOROET"A"E 
1,1,1*iRrC"twc61"A"E 
1,1,2,2-lETPACHtOr(OETHIYE 
1,1,2,2-TETRAC"tW~XTHlWE 
l.l.2-*RICHtO"OETHAYE 
i,i,2.iRiC"LC)~~fnAYE 
l,I-DICWLwOETHA"E 
l,l~OICHtO"OElWA"E 
I.1-DlC"tWMT"E"E 
1,l~DlCWLORMT"E"E 
l,l-DICWtOROfl"E"E (TOTAL) i, i ~oicaLopwi"iiii (ioiii j 

l,Z-DICHLORCiTY"E 
l.2~DICHtOPOET"A"E 
1,2~DICHtORC+RC+'ANE 
,,2-DICHtOPWPSPA"E 
Z~BUlAWONE 
. ^I,_...^.,- ‘-~YIm"u"c 
2-"EXANOIE 
2-HEXAUOIIE 
L-YETHIt-2-PEYTAWONE 
4-"ETHYL-2-PEWTAWWE 
ACETOWE 
.ecl.-%"C ".,L 1 me 
BEWZEYE 
BENZENE 
BRCWOIC"tWCUET"A"E 
"RCWOlCHtO(((IIEl"A"E 
BRO"OFOR" 
BK+OFOR.! 
BRCUCUEiWAWE 
BRWWETHAYE 
CARBON DISULFIDE 
CARBO" DlSUt‘lDE 
CARBON 1El"AC"tWIDE 
CAP@Q4! TETRAC"Lo!l!oE 
CWtORO8E"ZE"E 
CHtOROBEWLEWE 
CHtOROETHAYE 
C"tOROETHANE 
c"torfoFoP" 
c!!?oaoFQaw 
CHtORWET"A"E 
CHtORO((ET"A"E 
CIS-I,S-DIC"tWOPROPE"~ 
CIS-1.3.DICHLOOOPROPEUE 
DI"ROIOCHtORCMEl"A"E 

SnplC ID 

1sF11.97011" 
15F1187012" 
lsF11870118 
TSFl187012" 
TSFlla7olln 
TSFllWUlLB 
TSF1187011B 
TSFllWO12" 
,SFll87011B 
lSF1187012" 
~lSFll87011" _-_.._-1-- lD.lIO,"ILB 
TSFll87011" 
TSFllWOl2B 
15F1187011B 
TEFllWOl2B 
TSFll87011" 
. . . . ..lV.T.3" Iz.rlIO,"ILm 
TSFll87OllE 
TSFll87012" 
TSFll87011" 
TSFl187012" 
79F111)7011B 
rrm,,*v,l,,)a **. , I","I.S 
TBFl1amlrB 
lSFll87012" 
TSF1187OllB 
lSFl187012" 
TSFll870118 
?SF!!B?c!Zn 
TSFl187011B 
75111870128 
~SFllS70118 
TSFll87012B 
TSFllB70llB 
TSF1187012B 
TSFlW7OllB 
TSF1187012B 
TSFtlB7011B 
lSFllB70128 
TSF1187011" 
rsFlla7Dl2e 
TSFllB7OllB 
lSFllB7012" 
iSFl187OllB 
lSF1187O12" 
TSFl1870llB 

cone . 
WJ) 

5 
a 

: 
5 
6 

: 

: 
5 
6 
5 

: 
5 

10 
:o 
10 
10 

1: 
10 

2 

: 

: 
5 

1: 
10 

5 

: 
5 
5 
5 

1: 
5 
5 

10 
10 

: 
5 

"elafive 
Oual- Percent 
ifiar Difference 

66 
46 

U 
" 
" 
" 
" 
" 
" 
" 
U 

iii 
U 
U 
" 
" 
" 
ii 
" 
" 
" 
" 
" 
: 
" 
" 
" 
u 
u 
!! 
" 

i 
" 

PPD 
Limit 

:: 

:: 

2; 
21 

c-t 

"W > Limit .. Out of controt 
"PO ) Limit .. cut of controt 
"PO limit Not Available 
"PO Limit Not Available 
"PO Limit "of Available _ __ *rv ~8rnlr "ot ivsiiabie 
"PO Limit Not Available 
"PD Limit Not Available 
RPD "of Calculable 
RPD "ot Calculable 
"PO Limit Not Available 
em > Limit ._ &t ,+ coniro; 
RPD limit "ot Available 
"PO Limit Not AvaiLable 
RPO limit Not Avaitabte 
@PO Limit Not Av.itabte 
"PO Limit Not Available 
:PD t:z:i "Oi .%iiLibk 
"PO Limit "of Available 
"PO Limit Not Available 
RPD Limit Not Available 
RPD Limit Not Available 
"PO Limit Not Avaitlble 
aen I i-8. Y^. . . . . ‘,.L,- "-" .,,,,.. "". ".-..-".- 
RPO Not Calculable 
RPO Not Calculable 
"PO Limit Not Available 
"PO Limit Not Available 
"PD Limit Not Availabte 
DPC! tiet kc *vei!zb!e 
"PO limit Not Available 
"PD Limit "ot Available 
RPD Limit Not Available 
"PO Limit Not Available 
RPO Limit Not Available 
am timit "Of A"ai!ab!e 
flrn Not Calculable 
"m not Calculable 
"PO Limit "ot Available 
RPO limit Not Available 
"PO Limit "ot Available 
am Limit "at Avai!ab!r 
"PO Limit "ot Available 
RPD Limit "of Available 
RPD Limit "of Available 
RPD Limit Not Available 
"W Limit Not Available 
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FIELD SPLIT EYALWTION 
ORW" I cs 

TSF CLARIFIER PIT 1 

O,BRWCCHtWWETHA"E 
ET"VLBE"ZE"E 
ETHltSEWEYE 
WElNYtEWE CWLWIDE 
YE'YI?E"E C"LW!E 
STVREUE 
STIREWE 
IETRACWLORMTHEYE 
1ElRAC"LMIOETHE"E 
TOLUEYE 
TOLUENE 
TRANS.1.3.DICWL~OPROPEYE 
TRAYS-1.9DIC"tORC+'RWE"E 
lRIC"LC4"XTHE"E 
TRICWLOROETHEWE 
",Y"t ACETATE 
Y!"YL .ACE?.AlE 
"INIL CNLWIDE 
VINYL CWLMIOE 
YILEYE (TOTAL) 
XILEWE (TOTAL, 

S-ez!t !!! 

TSFllwO12B 
lSFllB7OllB 
TSFllB7012B 
TSFllB7OllB 
TSF,,B?Cl,2~ 
TSFllB701lE 
TSFllB7012B 
lSFllB7OllB 
TSFllB70128 
TSFllB7OllB 
TSFl,~70,~~ 
lSFllB7OllU 
TSFllB7012B 
TSFllB7OllB 
lBFllB7012B 
TSFllB7OllB 
TSFllB7012B 
lSFllB7OllB 
TSFllB7OlZB 
lSFllB7OllB 
lSFl187012B 

cont. 
!b> 

: 

ni 
IQ0 

5 

: 
11 
19 

: 
5 
5 

10 
10 
10 

:; 
47 

a”=,- 
ifi+,? 

” 
J 
J 

” 
” 
” 
U 

" 
" 
" 
" 
" 
" 
u 
" 

aclstivc 
PeXeOt 

ni ffcre!xc 

ri 
15 

5; 
53 

24 
26 

RPO 
Liait 

:1 

2i 
24 

cmnt 

Rpo Limit Not Available 
Rm Limit Not Available 
Pm Limit Not Availabla 
Rm > limit .. Cut of Control 
Rm > Limit .. Cut of control 
Rm Limit Not Available 
Rm Limit Not Awitabtc 
Rm Limit Not Available 
Rm Limit Not Available 
Rm a Limit -- Cut of controt 
Rm * Limit 1- Cut of Control 
Rm Limit Not Avaitabtc 
Rm Limit Not Available 
Rm not Calculable 
Rm Not Calculable 
Rm Limit Not Available 
Rm Limit Not Available 
Rm Limit Not Available 
Rm Limit Not Available 
Rm > Limit -- Gut of Control 
Rm a Limit __ Out of control 
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FIELD SPLIT EVALUAllOU 
lnwW"lCS 

TSF CtARlFlER PIT 3 

AtlalYtC 

Antinmy 
Antime-,’ 
Arsmic 
Ar8mic 
nwirn 
a__*._ m.1 !“#I 
Bcryl I iun 
BwyI I Im 
CddM 
CdlitA 
Chrni”” 
Cl!?~i!s!! 
Cobalt 
cobalt 
cq*ar 
W&-r 
cyanide 
CY.R!c!s 
tcad 
tend 
llercwy 
wrcury 
Nickel 
YlCke! 
SSlSniln 
Selniun 
sitvw 
SilVW 
lhallim 
Thatliun 
1," 
Tin 
vmadiun 
vandun 
zinc 
2lnc 

sap,0 ID 

1SF1107030 
1511187031 
7SF1187030 
lSFllSM31 
TSFllBM30 
."&-.*mvn.. IarllYIYaI 
TSF1187030 
TSFllOMSl 
15F1187030 
TSFll,,M31 
TSFlltI7030 
rrF!!aM31 
TSFll6MSO 
lSF118M31 
TSFllBM30 
TSF1187031 
TSF1107030 
IsFllaM3l 
TSFlW7030 
lSFll8M31 
lSFll8M30 
TSFll87o31 
TSFll8M30 
TpF,lam3l 
TSFllBM30 
TSFll87031 
TSFllllM30 
TSFllB7031 
TSFlWM30 
lSF1187031 
7SF1107030 
TSF111)7031 
TSFllSM30 
7SFllB7031 
TSFl187030 
1SFll8M31 

CW. 
(ppb) 

52000 
44700 
43600 
14500 
75800 
43000 

1000 
BOO 

2000 
1800 
8400 
54on 
a400 

10000 
17800 
a600 
Boo0 
62OQ 

MS00 
62000 
48MO 
34300 
11900 

Moo 
12300 

BOO 
4100 
3Otul 
1300 
IlOO 

4966000 
35Boooo 

5400 
4300 

430000 
264000 

Owl- 
ifier 

UE" 
"EN 
II* 
"9 
8-E 
27 
" 
" 
B'E 
*E 
l E 
l E 
” 
B 
'E 
B'E 
U 
u 
5* 
+* 

UE 
UE 
u+n 
tw 
U 
U 
UW 
WY 

tl 
UE 
BE 
"*E 
"*E 

100 
100 

55 
55 

ii 
11 
43 
43 

li 

z 

10 
10 
ii 
35 

2; 
4a 
40 

CRDL 

2: 
10.0 
10.0 

200.0 
200 0 

5:o 

::: 
5.0 

10.0 
!O.O 
50.0 
50.0 
25.0 
25.0 

5:o 
5.0 

2 
co:0 
4O.l 

5.0 
5.0 

10.0 
10.0 
10.0 
1o;o 

so:0 
50.0 
20.0 
20.0 

cannmt 

IOL a CROL -- Nmcmpliancc 
ML ) CROL -* Ymcnptiancs 
Rm = 20% -. Dut of cmtd 
Rm B 20x . . Out of c0fw01 
Rm > 20x -- (kt of CD~~POI 
*p” > :y* ._ @& a: cmiro; 
IDL > CRDL .- Wonxspliance 
IDL s CRDL -_ "aronptiance 
Rm e 20x -- *n cc+wd 
Rm s 20x -- I” cciwd 
Rm > 20x -- Out 0f c0wd 
*pg > 2”X __ !-&: Of ..-..I..^, ““71.1 I. 
IDL s CROL -- “oncmpli*nca 
urn e 20x .. In Control 
RP9 s 20" -- Cut of Controt 
Rm P 2ML -- llrt of Control 
CRDL IWt available 
CROL Et cva!!ob!+ 
Rm s 20x -. in cmtrot 
RW s 20% -- I” Ccvltrol 
Rm , 20% -- Cut of Cmtrol 
Rm a 20x . . Out of Control 
IDL > CROL .- "mc.npliarcc 
!"? > CR"? -. Y--li.rr- " ---. r. .-.-- 
IDt a CRDt .- "mconptiuxe 
IDL ) CRDL .- "mconplimcc 
IDL B CRDL -_ "mcoaplimce 
ID1 ) CRDL .. YoncnplfwKc 
ML b CRDL _- "mcaplimce 
!OL > c*at . . "~g$mIi.nc. 
CRDL rat available T-.V..-- 
CRDL not available 
IDL s CRDL -- Ymca@iance 
RPD ) 20% -_ out Of controt 
am B 2oR -- wt of cmtrd 
RPD a 20% .- art of Control 
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FIELD SPLIT E”AL”A~ILw 
oRoAwIcs 

TSF CLARIFIER PIT 3 

l,l,l-TRlC"LOR'Xl"A"E 
l,l,l-TRIC"LORCET"A"E 
l.l,Z,Z-1ETRACHLOROEl"A"E 
l,l,Z.Z-TETRACHLOROTHANE 
l.l,2-lRtC"LCftOETH*"E 
; ; imiiiiiii5iifjFiiiiriiii 

1:l~OlC"LORaft"A"E 
1.1~DICHLOROETWAWE 
1.1.DIC"LcKaHE"E 
1.1.0IC"LOROET"EYE 
l.l-OIC"LLWXT"EYE (TOTAL) 
:,,.o;c*i*(i5igi$i (iOii&j 
1.2.0tC"LOIIOET"A"E 
I.2*OIC"LWOET"A"E 
~.~-OICHLLXWRC~'ANE 
1.2~OIC"LC4lOPRWA"E 
2-BUTAIIOWE 
,.aIw.Y,",C L s"l"-....L 
2-"EYAYMIE 
2-HEXAYWE 
1-METHYL-2-PEWTAYQIE 
&"ETHVL-2-PEWAWE 
ACETONE 
ACE?o”E 
REWZEWE 
SEWEWE 
RR(WDICHLORMETHA"E 
8RCHCOlC"LOllCf4ET"A"E 
eRo*)FmM 
aRmFmm 
BP-ET"AlWE 
BRWYETHAWE 
CARW" DISULFIOE 
CAR&X DISULFIOE 
CARBOW 1ETRAC"LQlOE 
CARBOU TETRACHCDI(lOE 
CWLMJSEWZEWE 
CHLOROSEWZEWE 
CHLWOET"A"E 
CHLDSDETHAYE 
CIILOROFOR" 
C"LCWJFORW 
CWLDLIC+IET"AYE 
C"L(IRQIET"A"E 
CIS-l,J-0IC"LWWRWENE 
CIS-1.3.0IC"LOROPROPE"E 
OlSRCUOC"LDROllETWA"E 

Saple ID 

TSF11870308 
15111870318 
1SF1187030S 
TSF1187031B 
75F11870308 --_--^-^-.- 1310 IO,">ll) 
tsFll87osoB 
TSF118703lS 
TSF11870308 
lSFll87031B 
TSF11870308 
.,....01..^ Ialllo,"aIm 
1SF1187030e 
TSFll87031B 
lSFll870308 
15F11870318 
TSF11870308 
*"*..aM..e IarlIa#"aID 
TSFll870308 
TSFll8703le 
TSFll870308 
1sF11870310 
TSF11870308 
rcrtt*m7,a .*. I"."wls 
TSFl1870308 
TSFll8703lB 
TSFl1870308 
TSFll870318 
TSF11870308 
?SFll8703lS 
TSF11870308 
TSFll870318 
lSFll870308 
TSF11870318 
TSFll87Ll308 
rsrll87o3,s 
lSF11870308 
TSF118703lB 
TSFll87OSOR 
TSFll870318 
TSFll870308 
TSFl1870318 
TSF11870308 
TSFll870318 
TSFl1870308 
1SF11870318 
TSFll8703OS 

CMC. 

IF+) 

: 

5 

: 

; 

5 

: 

5 

5 

5 

5 

: 

10 

10 

1: 

:: 

4 

3 

: 

: 

5 

1: 
10 

5 
5 
5 
5 
5 
5 

10 
10 

: 

:: 
5 
5 
5 

Relative 
awl- P*FC#flt 
ificr Differme 

" 
" 
" 
" 
" 
u 
u 
" 
" 
" 
" 
ii 
" 
" 
" 
" 
" 
ii 
" 
" 
" 
" 
J 
: 
" 
" 
" 
" 
" 
'U 
" 
" 
u 
" 
" 
u 

Yl 
" 

1: 
'U 
" 
" 
" 
" 
" 

RW 
Limit 

:: 

2i 
21 

t-t 

RW Limit Not Available 
RPO Limit "ot Available 
RPO Limit "ot Available 
RPO Limit "ot Available 
RPO Limit "of Available 
"PO Limit "ot Avaiiabh 
RPO Limit Not AvaiLable 
RPO Limit Mot Avdlable 
RPO Not Calculable 
RPO "of Calculable 
RW Limit "of Available 
RFii Limit "ot Avaii*bic 
RPD Limit "of Available 
RPO Limit "cd Available 
RPO Limit Not Available 
RPO Limit Ilot Available 
RW Limit "ot Available 
RPC Linit Not Avmiisbie 
RPfn Limit "ot Available 
RPO Limit Yet Available 
RPD Limit Mot Available 
RW Limit "ot AvaiLabLe 
RPU Limit "at Available .~.-il.LI. iiF? Liiili tiei "".IL*DLm 
RPO Not Calculable 
RPO "of CalculSble 
RPD Limit "ot Available 
RPC Limit Not Available 
RPD Limit Not Available 
"PC Li6Gi NOi iii::ib:c 
RPO Limit "ot Available 
RPO Limit Yet Available 
RW Limit "ot Available 
RPO Limit "of Available 
RPO Limit "ot Available 
RP? Lie!t ND: Av:!!;b!e 
Rm "Ot Calculable 
nm wet Calculable 
RPO Limit "ot Available 
RPD Limit "ot Available 
RPD Limit "ot Available 
Pm Ii.if Y", .".il.kl. _ _....._ ..__ . ..-..--.- 
RPO Limit "ot Available 
RW Limit lot Availsbls 
RPO Limit "ot Available 
RPO Limit "et Available 
UP0 Limit "et Available 
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FIELD SPLIT EVAL”A,IO” 
moA”Ics 

,SF CLARIFIER P,, 3 

DIS"WC"LO"CM,RAWE 
E,"IL8E"LE"E 
ETHIL8E"ZE"E 
WE,""LE"E C"LO",OE 
"E,W"LE"E C"LDRlOE 
STTREYC 
STIREWE 
TE,RAC"L(IIOE,"E"E 
,E,RAC"LOROE,HE"E 
TOLUEYE 
TOLUEYE __ . ..- 4 w - .-... --------..- ,"1"~-I,,-Y,L"LU~~IXC"C 
,"A"S-,.3-DIC"LOROP"~E"" 
,RICWLCNWHE"E 
,"ICHLO"OE,HEWE 
VINYL ACETATE 
"l""L ACEIATE 
,,...". ^... -.-e "l"lL C"LUI"S 
"IYIL C"LWlOE 
""LEN" (TOTAL) 
""LENS (TOTAL, 

smwa IO 

TSF11870318 
TSFll870308 
lSFll870318 
lSFl1870308 
lSFll870318 
TsFllw"mB 
TSFll870318 
TSFll870308 
lSFll870318 
lSFll870308 
TSFll870318 ---..^-^--- I>,llO,WW 
TSFlt870318 
TSFll870308 
TSFll870318 
TSTll870308 
T8Fll870318 
__*..ew...^- I w I IO~Y.wII 
TSFll8703111 
lSFll870308 
lSFll870318 

C0t-C. 
(ppb) 

5 
1‘ 
IS 

I 
11 
5 
5 
5 
5 

17 
15 
5 
5 
5 
5 

10 
10 
io 
10 

120 
52 

OWL- 
ifi. 

U 

U 
U 
U 
U 

ii 
U 
" 

:: 
U 
ii 
U 

*c,.tiv. 
Percent 

oiffcrmcc 

: 
‘4 
44 

1; 
13 

ti 
79 

"m 
Limit 

zi 
21 

2i 
24 

c-t 

RPD Limit Not Available 
"m = Limit -- Out of control 
RPD a Limit -. Out of Control 
"m a Limit .- Cut of control 
urn > Limit -- Out of control 
Rm Limit "ot Available 
RPO Limit "ot Available 
Rm Limit "ot Available 
RPD Limit Not Awilable 
Rm < Limit -- In Control 
Rm q Limit -- In CmtroL _ __ w-0 LIPID "oi Avaiiabic 
Rm Limit Not Available 
"m Not CaIculSbls 
RW Not Calculable 
RPO Limit Not Availebla 
RPD Limit Not Available -- . . ,. *s-v LIIRI~ "oi Awiiabie 
Rm Limit Not Av~ihble 
Rm a Limit -- adt of control 
Rm a Limit -- Out of Cmtrol 
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TRIP SLAYK EVALUAllW 
ORGl"lC8 

TSF CLARIFIER PITS 

Dual. 
ifier 

ii 
U 
U 
U 
U 
U 
ii 
U 
" 
U 
" 
U 
ii 
II 
" 

:: 
U 
u 
" 
U 
U 
u 
" 
u 
J8 
U 
U 
U 
U 
" 
U 
U 
U 

Anslyte 
i,i,i~iRiCYLmm~iE 

1.1.2,2-TETRACNLOIQlNA"E 
1,1,2-TRICHLOROETNANE 
1.1.OICNLORLXTNANE 
l.l-01C"LlxOE1HE"E 
l;l-OICNLC"IOElNE"E (TOTAL) i ,2~oii;iiimmiHiiiC 

1.2.OIC"LORWRC+'A"E 
2-WTAWONE 
2-NEKANWE 
4-*ET*VL-2-PEWTANOE 
ACElOWE ecii2iiiE 

8Ra001CNLORW4ET"A"E 
8RCmFMM 
BRO**IET"A"C 
CARBOY OlSiJLFlOE 
CARBOW TETRACWLORIOE ciiimwiiiiiiit 

CHLCWETHA*E 
CWLOROFWII 
CNL~OIETNANE 
US-1.3.0IC"LOROPROPE"E 
OI*RWC"L~(IIETNA"E 
i,iiii9i"g# 
WET""LE"E CHLORIDE 
STVRENE 
TElRAC"LOROETNE"E 
TOLUEYE 
TRAYS-1.3.OICNLOROPRWENE 
,R!C%Mos?%"E 
"l""L ACETATE 
"l""L CHLORIDE 
XYLEWE (TOTAL) 

salwe IO 

624 TliP eMiNK 
624 TRIP BLAWK 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRIP BLANK 624 i"p )LiiiK 

624 1 7 IP BLANK 
624 TRIP SLAWK 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRIP SLINK 
,*, ."." "...." 0‘" OR,, OL""P. 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRlP BLAWK 
624 TRIP BLANK 
624 TRIP BLANK 
,", . .." ^...." 0L.l Imar OL""b 
624 TRIP 8LA"K 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRlP BLANK 
624 TRIP BLANK 
1-z v.*n ..I ."I Y"V ,n.r s.nn. 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRIP BLANK 
624 ,R!P BLANK 
624 TRIP BLANK 
624 TRIP BLANK 
624 TRlP BLANK 

(Fe) 

5 

: 

: 
5 
5 

1; 

:; 
10 

5 

: 
10 

5 
5 
: 

10 
5 

10 

: 

: 

: 
5 
3 
< 

10 
10 

5 

c-t 

NO Cmtmln.itlm 
No Cmthninatim 
"0 Contamination 
"0 Cmtaination 
"0 Cmtunination 
No Cmrminatim . . . ".-"--I--":.- "0 CmrllllrYrlm 
No Contamination 
"0 Contamination 
No Cmtnintim 
"0 Cmtminatim 
No Cmtminatim 
"_ r"-._-:-_":_" I" LUI,~IIIII.IUI 
"0 Cmtanhtion 
"0 Cmtaination 
"0 cmtamitution 
"a Cmtainatim 
"0 Contninatim 
.a_ " """"" :._.i- I" CUI,~"II~LI~I 
No Cmtmination 
"0 CmtuninWm 
"0 Cmtairutim 
"0 Contaminatim 
No Cmtmhtim 
Y" "-.-i"".‘- "" "....w*..m..w. 
Possible Cmtmirutim 
No Contmirutim 
No Cmtninntion 
"0 Cmtnhatim 
"0 Contamination 
I? CMtliNtiM 
No Contamination 
"0 Contamination 
"a Containtim 
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SPIKE EVALUATION 
DRGA”lCS 

TSF CLARIFIER PliS 

i i i-iiiiiiLo~~iNiiii 

1:1:2,2-TETR~HLOr(DETHIUE 
l,l,2~lPICHLOROETHANE 
1.1.DICHLOROETHANE 
1.1~DICRLOROE~HEN~. 
1.1.DICHLOROETHENE (TOTAL) . - _ _ _ _ __ _ .- 
I,<-",L"L"wJtl"*,*e 
1.2.OlCHLOROPROPAWE 
2-EUTAYM(E 
2-HEXANONE 
‘-"ETHIL-2-PEMTANM(E 
ACETONE "-..-F..r mC"‘C"S 
BPWXilCHLORWElHANE 
RRrmOFORW 
SRCWMETHANE 
CARSON DISULFIDE 
c~mon TET~IACHLO~I~OE 
?"I CmMC"IC"C t.II.""""L"LL"L 
CHLDROETHANE 
CHLOROfc+!W 
CWLDRCUETHANE 
CIS-1.3.DICNLOROPROPENE 
DISRWOCHLORCMEl"ANE 
ETHILEENLENE 
METWLENE CHLORIDE 
STIREWE 
TETRAC"LOROETWENE 
TOLUENE 
MANS-1.3.DICHLORWROPENE 
IIICHtoIOET"ENE 
VINYL ACETATE 
"lN"L CHLORIDE 
XlLENE (TOTAL) 

Sample 10 

I,, I I(I,““Ck 
TSFllS700EE 
:SF11!3700EE 
TSF1187OOEE 
TSF118700EE 
:SFlltVOOEE i ji. .8iDoii 

Y 'SF 18700EE 
TSFl18700EE 
TSF118700EE 
TSFll8700EE 
TSF118700EE 
~~~..e~"^~~ I>rlIa,""CC 
W118700EE 
fSFll*700EE 
TSF118700EE 
TSF118700EE 
TSF118700EE 
Ic11,*7""cc ar , .","".. 
TSF11.9700EE 
lSFllB7OOEE 
TSF11870DEE 
TSF118700EE 
TSF118700EE 
?SF!!S?ODEE 
TSFllWOOEE 
TSfll87OOEE 
Wll87DOEE 
TS~118700EE 
TSFll87OOEE 
TSP1ls7OOEE 
TSf118700EE 
TSF118700EE 
ISF118700EE 

COnC. 
mm 

Sir0 

:i 

:i 
110 
20 

:i 
30 

:: 
20 
20 

::: 
20 
20 

190 

:: 

:i 
20 
?6 

280 

:: 

:i 
120 

30 
30 
20 

Qua,. 
ifier 

u 
” 

t: 

u 
” 
” 
” 
” 
U 
u 
U 
U 
U 
U 
" 

U 

" 
U 
U 

U 
U 
U 
U 

U 
U 
" 

C-t 

w~rnln c1.4 zdvirory r 
"0 lntcrference 
No Interference 
"0 Interfereme 
No Interference 
Possible Interferera 
No interference 
No Interferewe 
No Interfereme 
No lnterferme 
No InterferNYC 
No Interference ..- .-_.- 1.-_-_- I" LnLCl~rCrGr"GC 
No InterferCKe 
NO InterfererWe 
No lnterfermcc 
No Interfereme 
No lntcrfermce 
u:..i- CD. -*,i..^r., " ,.,,,,, .-" -.,- ". , r 
No lnterfcrcnct 
Yithin ERA advisory r 
ND lntcrfcrence 
No IntcrfePWWc 
No lnterfcre"Ce 
"‘*hi" ED. d"ienrv p - . -.... -- --. , 
Uithin ERA advisory r 
No Interferewe 
No :lntsrfsrnca 
No Interfereme 
No lnterfcrmce 
Yithl" ERA atvirary r 
No Interference 
No Interferc(Ye 
NO lntcrfcrcncc 
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